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PREFACE TO THE ENGLISH EDITION. 


This book was written by Prof. Prantl to meet a ^/rowing 
demand i for a work on Botany, which, while less voluminous 
than the well-known “Tjehrbuch” of Prof. Sachs, should re- 
semble it in its mode of treatment of the subject, and should 
serve as an introduction to it. That it has not failed in this 
ol)ject is shown by the fact of its having already reached a third 
edition. It is hoped that this English Edilion will as adequately 
sdpply the want of a work of this kind which has long been felt 
?n this country. 

In preparing this edition for publication, I liavo felt that the 
main object was the production of an accurate and intelligible 
translation, and I have therefore made but few altei’ations in 
the Author’s text. I have ventured, however, to introduce 
the General Classification of Thallcphytes (page 110) proposed 
♦ by Prof. Sachs in the fourth edition of his “ Eelirbuch,” for 1 
am of opinion that this mode of i-egarding the Tliallojibytcs 
is a considerable assistance to the student. In consequence 
of t]^ifi»l have arranged the various families of Thallophytes in 
an order which is slightly different from that followed by Pro5. 
•Prantl. 

Further, I have not designated the decomposition of carbonic 
acid and water by the chlorophyll under the influence of 
light, by the term ‘4 assimilation,” as is usually done. This 
term has already a well-defined meaning in Physiology, and 
it is therefore a mistake to re-introduce it in another sense. At 
the same time I do not feel myself quite in a position to 
suggest a term to replace it. 

Cambridge, AfarcJi, 1880. • 



PR.KFACR TO THK SECOND KNGLISU EDITION. 

T h«ave ventured, in the preparation of this edition, to make con- 
liderablo alterations in the book, with the view of increasing its 
asefulness. For these I am alone responsible. Many of them have 
been made at the suggestion of friendly critics, known and nn- 
known, and for this kind assistance I wo aid here express my 
thanks. The most important alteration is the adoption of •a 
Classification of Flowering-Plants which will be more familial 
to English students than that which was followed in the First 
Edition. 

S. H. V. 

Camtiridot:, April, 1881. 


PREFACE TO THE THIRD ENGLISH EDITION. 



\ 

This edition, called for so rapidly after the appearance of the second, ^ 
is issued without any change in the contents of the book, other than 
purely typographicaL 


London, 1883. 


The PUBLISHE&A. 



CONTENTS, 


PART I. 

THE MOUPHOLOGY OP PLANTS, 


Sect. 1 . The Members of the Plant ,1 

„ 2. Of Leaf and Stem in general *2 

„ 3. The Arrangement of Leaves (Phyllotaxis) . . • • . 3 

„ 4. The Form of the Mature Leaf (Pliyllom{?s) 8 

„ 5. Stem-structures or Axes (Caulomes) 16 

„ 6. Devtilopment of Branch-Systems 20 

•t 7. Boots • ■ • • • • • • , a 23 

„ 8. Hairs (Tricliomcs) 2i 

„ 9. The Thallus (Tballome) 24 


PART II. 

THE ANATOMY OF PLANTS. 

Sect. 10. .... .25 


CHAPTER L~THE CELL. 


ff 

11. The Structure and Form of the Cell 





% 


25 

** 

12. The Cell-^Yall 









28 

If 

13. The Protoplasm . 









31 

ff 

i4* Crystalloids . . • 









32 

If 

15. Aleuronc-grains . 










If 

16. Chlorophyll-corpuscles , 









83 

tl 

17. Starch-grains 









34 

ff 

18. Crystals 







• 


36 

If 

19. The Cell-Sap. 









36 

11 

20. The Development of Cells • 

* CHAPTER II.- 

• • • 

-THE TISSUES. 


• 

• 


37 

If 

21. • • • • * 

. 





• 

« 


41 

fl 

22. The Common Wall of Cells 

• 





• 

• 


41 

•f 

23. Intercellular Spaces 

. 





• 

• 


43 

If 

24. Forms and Systems of Tissue 





• 

e 


43 

If 

25. The Fibro-vascular System 

. 





• 

• 


45 

II 

26. Growth in Thickness . 

. 





• 

• 


52 

fl 

27. The Fundamental Tissue 

• 





k 

• 


67 



CONTENTS. 


VI 


FAOft 

Sect. 28. Internal Receptacles fcr Secretions ... 4 «. 60 

„ 29. The Epidermis . • 62 

M 30. Tlie Primary Meristem and the Apical Cell . . < . , 67 

„ 31. Formation of Tissue in consequence of Injury . • . ^ 70 


PART III. 

# 

THE PHYSIOLOGY OF PLANTS. 

CHAPTER I.— CHEMICAL PROCESSES IN PLANTS. 

Sect. 32. The Elementary Constitnents of the Food of Plants • . . 72 

„ 33. The Absorption of Carbon 74 

„ 34. Metabolism 75 

„ 35. The Source and Signiiicanco of the other Constituents of the 

Food' . 78 

„ 36. The non-essential Constituents of the Ash *(9 

37 . The Absorption of the Constituents of the Food from the Soil . 80 

38. Respiration 81 

CHAPTER II.— THE MOVEMENT OF WATER AND OP GASES IN PLANTS. 

„ 39. The Slow Movement of Water in the Processes of Growth and 


Nutrition 83 < 

„ 40. Transpiration 84 

„ 41. Tlio Conduction of Water through the Wood . . . , 84 

„ 42. The Root-pressure 85 

„ 43. The Movement of Gases in Plants 86 

CHAPTER III.— GROWTH. 

„ 44. The Process of Growth 88 

„ 45. The Growth in Length of Stems, Leaves, and Roots . • . 89 

„ 46. Tlie Properties of Growing Parts 90 

„ 47. The Influence of External Conditions upon Growth 

Length 91 

„ 48. Bilateral Structure in Plants 92 

„ 49. Growth in Thickness in Woody Plants 94 

CHAPTER IV.— THE IRRITABILITY OP MATURE ORGANS. 

.,50 95 

CHAPTER V. -THE GENERAL CONDITIONS PLANT-LIPB. 

„ 61. Temperature 98 

,, 62. Light 100 

„ 63. Gravitation 102 

„ 54. Electricity 102 

CHAPTER VI.— REPRODUCTION AND ALTERNATION OP GENERATIONS. 

„ 55. Reproduction . . . • 102 

„ 56. Alternqi|.ion of Generations . . . • , , • ,104 



CONTENTS, 


vii 


PART IV. 

THE CLASSIFICATION OF PLANTS. 


Introduction 







rAOl 

106 

General Classification (Table) 






• 

107 

Group 1. Thallopliyta : general classification 






• 

110 

Claps I. Algos 






• 

111 

„ II. Fungi . * . 







121 

Group IT. Muscineto 







114 

Class III. Hepaticfe (Liverworts) 







149 

„ IV. Musci (Mosses) . 







151 

Group III. rtoridophyta (Vascular Cryptogams) . 






155 

Class V. Filicinoa .... 







158 

Filices (Ferns). 






• 

158 

Ehizocarpea) (Pepperworts) 






• 

161 

„ VI. Equisetiuoa (Horse-Tails) . 






• 

166 

„ VTI. Lycopodimn (Club-Mosses). 







108 

Group IV. Phauerogamia (Flowering-plants) 







170 

Sub-group A. Class VIH. Gymnosperma) . 







176 

., 11 Angiospermffi 






t 

184 

„ IX. Monocotyledoncs . 






■ 

215 

Nudifiorco 






■ 

219 

Spadicifiora} 






• 

219 

Glumillor.'e 






• 

223 

Petaloidca) 






• 

229 

Hypogyne^ . 







229 

Kpigyiijo 



f 


• 


234 

,, X. Dicotyledones 



• 


■ 


210 

^ Monocbljiniyd(i£e 



• 


• 


216 

Hypogyiioe . 


« 





217 

Epigynos . 


■ 





259 

Gainoiietabo . 


• 





264, 

Hypogyme . 





• 

« 

264 

Epigynio . 


• 

s 



• 

277 

Polypctalflo 


• 

t 


• 

• 

284 

Calycifloraa . 


* • 

• 


9 


284 

Disciflorae . 


• 

• 


• 


299 

^ Thalamillorss 


• 

• 


1 


306 

Indkx . , ^ 







328 


Indkx 




PART I 


THE MORPHOLOGY OP PLANTS. 


§ 1. The Members of the Plant. An ordinary flowering- 
plant consists of a nninberof parts which jxre distinguislicd as roots, 
steins, leaves, fruits, etc. Tlicse may he considered scientifically in 
two ways ; either with reference to their functions in the economy 
of the plant, when tlicy are regarded as the organs by wdiich these 
are performed, and are the subjects of fj/iyswlogical study; or, their 
functions being disregarded, their relative position, the place and 
mode of their origin, the course of their growth, and their relative 
size may be considered ; that is, tlicy may be studied from a purely 
morphological point of view, when they are regarded merely as parts 
of a whole, and are designated as metnhers. The members may be 
conveniently arranged in four categories, namely, lloolsy Stems 
(Caulomes), Leaves (Phyllomes), and Hairs (Trichomes). When 
the body of a plant docs not present any differentiation into root, 
stem, and leaf, as in the case of the Algai and Fungi, it is termed 
a ThalJus (Thallomc). 

With the exception of the primary axis of the seedling, all mem • 
bers are developed laterally upon others, which may or may not 
belong to the same category A root, for example, is repeatedly 
producing lateral roots which are similar to each other and to the 
main root from which they have arisen ; a stem, on the other hand, 
produces, in addition to brjxnches which are similar to itself, leaves 
and roots. Every member remains in connection by its organically 
lower end, its base, with the member from which it has been 
developed : the opposite end is the organically upper end or apex. 
Those members, viz., stems and roots, which more especially pro- 
duce lateral •members, continue to grow at their apices, and the 
lateral members are normally developed behind the apex in such 
a way that the youngest of them lies nearest to the apex. Thus, 
the youngest lateral root is the nearest to the apex of the mother- 
root, and it is the youngest leaf which is the nearest to the apex 
of the stem; hence in all normally developed membei-s the suc- 
cession in time may bo infe*Ted from the sncceosion in space ; that 


It 
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is to say, in counting the leaves on a stem from the base upwards, 
the order 'of tlieir succession in space denotes the order of their 
development. All lateral members which arc thus arranged are 
said to have originated in acropefal succrardan. AVhen in arly’ cross 
section of the parent member not one only, but two or nioro lateral 
members, occur at the same level, this mode of arrangement is 
termed a whorl; for instance, of secondary roots round a parent - 
root, or of leaves round a stem, as in Herb Paris (^Varis qiu^rifolia). 
Those members which lie at the same level and form a whorl may 
bo developed simultaneously, or one after the other; hence a whorl 
may bo simultaneous or successional. In the latter case it is more 
diflicult to distinguish the acropetal succession as well of the wdiorls 
as of their individual members. Those membeis are said to be 
adventitious which are not devcloi)ed at the growing point but 
on older parts, and which arc therefore not arranged in acropetal 
succession; for instance, those lateral roots which are doNoloped 
from older ones, and many branches from old sterns. The forma- 
tion of lateral members may cither take place evotjenonsltf, in which 
case they origiiiato from the outer layers of tissue of iko parent- 
member, as leaves do from that of the stem (Pig. 1), or endo-^ 
genamshff in which case they are formed from the internal tissue of 
the parent-member and have to penetrate il-s outer layers ; i-t is in 
this latter manner that roots arc dovclopcd either from older roots 
(Pig. 20) or from stems. 

§ 2. Of the Leaf and Stem in general. These two ideas 
are so intiiiiatcly connected that it is impossible to think of one 
without the other, is evident from the following definitions : 

Every part of a plant which produces leaves at its growi^ end 
is called a Stem or ; a stem, together w itli the leaves it hears, 
is known as a Shoot: 

Leaves are distiiiguisl>cd by the following characters. 1, They 
originate always in acropetal succession (they are therefore never 
adv^entitious) ; 2, they are always exogenous ; and 3, they always 
assiiino a form different from that of the stem and its lateral 
\)ranches upon whicli tlicy arc borne. • 

The leaves are developed in very close apposition at the apex of 
the stem. The portions of the stem, termed iuternodesy which lie be- 
tween the individual leaves may either remain quite short, .as in the 
ease of the rosette of leaves of tiie PlanLain and of the House-leek, 
of the fascicled leaves of the Larch, and in most flowers ; or they 
may updergo a considerable elongation so that the leaves becomu 
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widely separated. The boundaries of tlie inlerntxles — tlio ])laces, 
iJmt is, at Avliieh the leaves are inserted — terufed nodrs, are some- 
times prominently dovelo[)ed, .more particularly when the leaves 
are aA*ani^od in whorls, Ijabiala*, oi* when th(\y enslu'Mtli the 
stem. The portion of the sur lace of the stein from which the leaf 
arises is the insertion, of the leaf, and its organic; cent re is (tailed the 
point of ivsiirlion. After the 

fall of Ifie leaf the surface . 


where it was inserted re- 
mains for (i lon<^ timtj visible 
as a scar or cicatrix. 

So long as the internodes 
have not begun to elongate, 
and the leaves are still folded 
together so as to cover the 
ajiex of the stern, the g* row- 
ing end of each shoot is 
known as a hud. Tlic bud 
which lies at the apex of a 
shoot, the lower portion of 
which has already under- 
gone elongation, is a Uirniimd 
bud ; the lateral buds are the 
early stages of shoots de- 
vclo[)ed laterrdly upon a 
growing main shoot, which 
often remain in tin’s (;on- 



Fio. 1. — Dinirranimntic lonjjiluilinal 
throii^li (ho K^rowin^ apox of a sUmii ; h Llio Icovcs , 
kn their axillary buds ; e e])idunniH; / llhnjviiscu 
lar bun files. 


ditior <or a consideralilo time. The arr-angemumt of the htierul 
buds, and consequently that of the branch(;s wlii^'h are develo])fd 
from them, is closely related to that of the leuves ; tlins in ^dosses 
and many Ferns they are developed immbdiutely below or by the 
side of a leaf ; in the higher plants, always in the axil of a leaf, 
that is to say, in the angle made by a loaf Avilh the internode above 
its insertion. In the latter case they make tlnn’r appearance at the 
first formation of the leaves (Fig. 1, /*•//.). W’ itli few exceptions, 
they are developed in the axil of every leaf, the exceptions Ireing 
the leaves that form the flower, and those of many of the Conifers. 

§ 3. The Arrangement of the Leaves (Pliyllotaxis). The 
arrangement of the leaves on the stem is most intimatfdy connected 
with the acropetal order of their development; and since, as has 
been already shown, the arrangement of tlio lateral shoots dopendr 
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on that of the leaves, the same laws determine the arratigemoiit of 
both these sets of members which apply generally to all acropetally 
developed members of plants. These laws are most conspicuously 
exhibited in the arrangement of tlie leaves, and tliey will ife fully 
discussed with reference to these members only. 

Leaves are developed eitlier in ivhorls^ that is to say, two or raoi-e 
at the same level on the stem, or singly, when their arrangement 
is said to bo scattered. In some cases certain of the ii?'te modes 
do not elongate, and tlierefore the leaves, which have been really 
developed singly, or their axillary buds, appear to have been de- 
veloped at the same level on the stem, thus forming a sjmrioni^ 
whorl, as in the ciisc of the upper leaves of the Tiger-lily and of 
tlie whorled bi-aiiches of the Pines. 

The arrangement of the leaves on the cireumforerice of the stem 
is also very variable ; this is particularly conspicuous in the cty^cs 
where the leaves are arranged in whorls, for which reason these 
will bo first discussed. If a whorl consists, for instance, of two 
leaves, it is obvious, that they will be placed exactly opposite to 

each other on the surface of the 
stem, and that the distance between ’ 
||p them, measured fix)m the points of 

insertion, will amount to just half 
' ^ 11 ^ circumference of tlie stem. Simi- 

II larly, if the whoil consist of three 

leaves, the distance between any two 
fi w/ ^ adjacent leaves will be one-third of 
L 1 circumference, and so forth. The 

7 \ y/ ^ lateral distance between the* .points 

f 4.^ J insertion of two adjacent leaves, 

h /yw/ In Y Y measured on the circumference of 
I! stem, is called their divergence, 

1 vilf ' \ expressed in fractions of 

L /. circumference. 

M Moreover, it is a rule, though not 

ri..2.-stemofi-amium,vithwhoru. without exceptions, that the sncces- 
of ttro leaves ; 1-1. 2-2, 3-3, the succoa. sive whoils alternate, SO that the 
81 ve whorls. leaves of any whorl lie opposite to 

the intervals between the leaves of the whorls above and below it. 
Thus the leaves of alternate whorls are exactly above each other 
(Fig.2). 

This arrangement, as in faot all relations of position, may bo very 
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plainly exhibited by means of diagrams (e. g.. Figs. 8 and 4). Such 
a diagram consists of a ground-plan of tlie stem, regarded as being 
a cona, and looked at from above: the insertion ot each leaf ^vill 
lie upon one of a scries of concentric 
circles, and the higher the insertion of 
the leaf upon the sioni, tbo nearer to the 
centre v^ill be the circle of the diagram 
upon which its insertion is indicated. 

It may be perceived in the diagram 
Fig. 3, that when the hiaves are arranged 
in alternate whorls they form twice as 
mony longitudinal series on the stem as „ . 

, . Fio. 8 — ni!ifj:i*nrn of a Stoit 

4i ere are leaves in each whorl, provided, withaitor niito two-leavcil whorls. 

of course, that the number of leaves in orUiostichies. 

* . ml 1 • 1,1, 2,2, 3,3, tho successive whorls. 

each whorl is the same. The longitu- 
dinal series, which are indicated in the diagram by radii, are called 
orthodichi es. 

This particular arrangement of alternate whorls of two leaves 
occurs very frequently, and is termed the decussate arrangement. 
The two leaves of each whorl are said to bo opposite. It is com- 
paratively rare for equal successive whorls to bo superposed; that 
is, that the leaves of each whorl should lie exactly above or below 
thoae of the others, so that there are only as many orthostichies 
as there are leaves in each whorl. 



Examples of decussate leaves : the Caryophyllacece, the Lahiattc, the Caprilo- 


liacca), to which belong 
Syringt* (Lilac), Loniccra 
/Honeysuckle), and Snm- 
bucus (Elder) ; the Maple, 
the Horse-chestnut, and 
the Ash. In llhaninm ca- 
tharticus the two leaves of 
each whorl are usually at 
a slightly different level. 

Alternate wflorls of 3 
(irrespectively of flowers) 
occur in the common Ju- 
niper, in Catalpa, and oc- 
casionally in the Horse- 
chestnut and the Maple. 


o 0 



A B 


Fio. 4.— il. Dinjimm of a Btom boarinf? lon.ves with a <11- 
vcrf^ence of B. A Rtom hciirint' leaves with a divorKonce 
of h 


When the leaves are arranged in a scattered manner it is easy to 
detect that, within a certain region of the stem, their divergence is 



tAKl 1. — THK MOKrHOLOQY OF l^LANTS. 


constant ; that is, that the distance between any leaf and its imme- 
diate predoeessor and successor is a certain fraetion of the circum- 
ference. In tlu? simplest case, when the diverovnee is ^ (Fi^- 4 A), 
starting witli any leaf 0, the insertion of ilio next leaf in sue-, 
cession on the stem, which may be numbered 1, will be exactly 
opposite to tliat of the leaf 0, and the next leaf, numbered 2, will 
be oi)posiLe to 1 and exactly above 0. Thus there are t|\’o ortho- 
stichies. In proceeding from leaf 0 to 1, 2, 3, and so on, always in 
die same direction, the circumference of the stem is traversed in a 
spiral which, in the course of each wliole turn, touches the bases of 
two leaves and intersects the same orthostiehy. This spiral will 
pass through the ins(‘rtion of every leaf, and as it docs so in the 
order of their' development, it is known as the genetic spiral. ^J’he 
number of leaves through which the genetic spiral passes in^its 
, course between any two 

^ oii the same orthostiehy is 

termed a cijch. When the 
divergence is -J-, the leaf 
numbered 3 comes exactly 
iilirh above loaf 0; 4 over J, 

I jf ' : : ( 'i.i 1 1 : -1 ' ' on;, and 

orUiosHoU. 

lines, the cycle being 
composed of three leaves, 
might be said witli ecpuil 
w aeeuraey that the diverg- 

eiice is J, since leaf l^s dis- 
„ ^ taut ?, of the circumrerenc(‘ 

Fio. 6.— Di.-icrraTn cf a stem wsUi a constant diver- 

of J, I, li. Ill, cf-c., the urtho.stichoua lines from leal 0, if the Spiral be 
/ A ftni. K.w.i.a i followed in the other direo- 

iion. If it be continued in this direction, it will pass round the 
stem twice in each cycle. For the sake of simplicity, the spiral is 
not traced in this longer way, but in the shorter way. When the 
numerator of the fract ion of divergence is not 1, biUi some other 
rational number, the spiral passes round the stem more than once 
within the cycle, in fact, just as many times as is expressed by 
.the numerator of tlie fraction of divergence ; the denominator of the 
fraction expresses the number of the orthostichies. In Figs. 5 and 
6, which represent a constant divergence of -g, it is easy to sec that 
eight orthostichies are present, leaf 0 being over 1, 10 over 2, and 
so on ; also that the spiral returns to a leaf on the same orthostiehy 
after three turns, and thus goes thrice round tlie stem in one cycle. 
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If ifc is required to determino tlio urran^^enuMifc of tlio leaves 
(phyllotaxis) on a stern, it is necessary to find tlio loaf wliicli is 
exaetW above the one, numbered 0, selected as a star tin ((-point, 
and then to count the number of loaves wliieb are met with in 
following the sliortcr spiral round the stem between these two 
leaves. The number of the leaf whii:h lies in the same ortliostichy 
is the denominator of the fraction of di- 
vergence, and the numerator is the number 
of turns made by the spiral between the 
two leaves. 

When the number of orthostichies is 
greater than 8, it becomes veiy ditlicult to 
detect thoin, jiai-ticnlarly when the loaves 
are closely arranged as in the rosette of 
tlfe llouse-leclc, the capitulnm of the Sun- 
tlower, OP as- the scfiles in a Fir cone. 

Another set of lines lying obliquely then 
strike the eye, called i)iiraslicldes^ which 
also run round the stem in a spiral, but 
touch only some of the leaves ; for in- 
stance, in Fig. C, the lino which connects 
tlio leaves 3, 6, 9, mid 1*2. It is evident 
that the number of parallel parastiehies 
must bo as groat as the dilTcrenco between 
the numbers of the leaves in .any one such 
line. Thus in Fig. 6, again, another para- 
stichy connects the leaves 2, *5,8, 11, and so 
on; and a third, the leaves 1, 4, 7, 10, etc. 

From tliis it is possible to deduce a simple 
method for ascertaining tlie phyllotaxis in 

Fio. 0 — Dinj^nnii of a «toni 
Ihu Uaves of which have Mio 
consUnt (livcrRcnco of J ; Iho 
leavcH of the anterior Hurfinro 
aro indicated ])y their inscr- 
tionrt, those of the posteri(»r hy 
circles; they aro coiincct(!d hy 
orthostichies. I, I, If, II, etc , 
parastiehies which intersects the first, the are the eight orthostichioB. 

number of each leaf will bo found. 

The commonest divergences are the following: 



complicated cases: the [larastichies whicli 
run parallel in one direction are counted, 
and the leaves in one of them are numbcf-ed 
according to the above-mentioned rule ; by 
repeating the process in another system of 


1 a 

“3 > 5 » 


_8 

TifJ a i» 


This seritfs is easy to rerncinber, for the numerator of each fractif)n 
is the sum of those of the two preceding, and it is the same with 
the denominators. 
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There are, however, divergences which are not included in this 
series, e-i/., -J-, -®, etc. In some cases the construction of a spiral 

with a constant divergence is impossible, as in Salvinia. ^ 

The causes of this regularity of arrangement of the leaves lie 
partly in the mode of origin of the leaves at the apex of the stem 
and partly in the displacements which they undergo in the course 
of their subsequent growth. ^ 

Instances of the divergence J ; all Grasses, and the smaller branches of the 
Elm, tlio Lime, the Ilornbeain, and the Beech ; in these, particularly in the 
last, the leaves undergo displacement, so that on the under side of the branch 
the divergence is less, and the upper side it is greater than J. 

Divergence of ^ is found in all the Sedges, and in the branches of the Alder 
and Aspen. 

Divergence of ; may bo regarded as the most frequent ; it occurs in many 
herbaceous plants and in most of the smaller branches of the Willow, the 
Poplar, the Oak, the liose, the Cherry, and the Apple, 

'J'ho acicular leaves of the Firs and Spruces usually have a divergence of g 
and T*s* ai occurs very commonly in the cones. 

Finally, it may be observed that the genetic spiral turns sometimes to the 
right and sometimes to the left on the stem ; in botanical terminology, a spiral 
is said to be right-handed when it runs in such a direction that if the observer 
ascended along it he would have the axis on his right ; and left-handed, when 
it runs in the contrary direction. 

§ 4. The Form of the Mature Leaf. A leaf is usually 
tlattcncd horizontally into a broad surface ; it is thin, and of such a 
form that it can be divided by a perpendicular plane, tlie median 
plane, into two similar halves. The halves are usually counter- 
parts, like the right and left hand, or an object and its reflected 
image; the leaf is then said to be sijmmetricaL Unsymmetrical 
leq^ves, the halves of which are not similar, occur in the Elm, and 
very conspicuously in Begonia. The lower or outer surface of the 
leaf usually differs from the upper or inner surface in structure, 
colour, hairiness, etc. As a rule the surface of the leaf is extended 
at right angles to the median plane, and also to the longitudinal 
axis of the stem ; but this original position is frequently altered 
by subsequent torsions. Decussate leaves, for instance, are often 
so twisted that the npper surfaces of all of them come to lie in one 
plane, as in Philadclphus ; and on the horizontal branches of the 
Silver Fir the leaves that grow on different parts of the stem are 
io twisted that their upper surfaces are all directed towards the 
zenith. Rarely, as in the Iris, the leaf is from the first extended in 
the median plane itciclf. 
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Dopartnres from the ordinary flattened form of the leaf are found 
in the acicular leaves of the Spruce, in the cylindrical leaves of 
many ^<spccies of Sedum and Mesemhryanthcnium, and in the 
tubular leaves of Allium and Juncus. 

The leaf is usually regarded as consisting of three parts : the 
sheath, the stalk, and the lainiva or blade. The sheath (Fig. 7 v) 
encloses ^the stem at the insertion of the leaf, assuming a tubular 
or sheath- like form; it is largely developed in Grasses and Umbel - 
liferiB. The leafstalk ot petiole (Fig. 7 p) is narrow, usually senii- 
cylindrical or prismatic in form, and bears at its end the exjianded 
blade (Fig. 7 /) : occasionally, as in the Australian Acacias, it is 
flattened and leafy, when it is termed a jdnjUode. TIk'sc tlirce 
portions are not, however, developed in all leaves, ^lany leaves, 
as those of the Maple and the Gourd, have only petiole and blade ; 
others, as the Grasses, only sheath and blade. 

Frequently the blade only is present, as in the 
I'obacco and the Tiger-lily, when the leaf is said 
to be sessile. 

The stipules must be regarded as belonging 
to the sheath: when they are present the leaf 
is said to be stipulate; but they are frequently 
wanting, and fke leaf is then said to be ex- 
stipulate. In many plants they take the place 
of the sheath and appear as two outgrowths at 
the base of the leaf (Fig. 8 i? and Gss). They 
are often similar in colour and texture to the 
leaves, ^as in Willows, Peas, the Violet, and the 
Rubiacem, in which they are compound ; in 
other plants, on the contrary, they are colourless 
or brown, and fall off soon after the leaf is un- 
folded, as in the Beech, the Elm, and the Lime, 
of stipules occur as well as a sheath, and they appear as teeth at 
the top of the sheath, as in the Rose. Occasionally the two stipules 
are connate, tfiat is, they are more or less united : when tliey 
cohere by their outer margins they form an opposite stipule, as in 
Astragalus, and when they cohere by their inner margins they 
form an axillarij stipule, as in Houttuynia cordata : in the Polygo- 
nacess they cohere by both their inner and outer margins, thus 
forming a sheath, termed an ochrea (Fig. 207 A o) which surrounds 
the internode above the insertion of the leaf: when the stipules 
of opposite leaves cohere they form what are termed tnterpetiolat 
stipules, os is frequently the case in the Rubiaceas. 



Fio. 7.-Lcar of Vai- 
aiDicufus Ficaria. 

9 Slicath ; p 
' blade (nat. size). 

Sometimes a j)air 
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Only in comparatively few [)laiits docs a lifjide occur; tliis is 
a small ont^iowtli from ilio upper (inner) surface of the Iccaf, 
which is found in tlie Grasses at tlie junction of the sheatli and 
tlie blade 8 A v), and also in the petals of many flowers, an 

Ijychnis and Narcissus. 

In the case of most leaves it is obvious that tluur internal tis.sues 
are dilfcreiitiated. The fundamental ti.ssue, which is i(cnerally 
green, the mcsophjll, is travei'sed by bright bands, whicfi are the 
fibro- vascular bundles or so-called vains. Tlicse usually project 
on the under surface, and when the leaf decays, remain for a time 
as a skeleton of the leaf. The distribution of these bundles, the 



Fig. B.—A Part, of a leaf of Grass* (Poa trivialis) with the liprulo i; othe haulm; v the 
sheath; nariiinaof the leaf, li Loaf of a Willow (S<dix C(i]>reo) ; astern; s j» Slipules; p 
petiole ; /lamina; /i axillary bud (uat. size). C Leaf of a Pea ( Pis ttai arriJusiO; a stem; sa 
stipules; rnicliis; //Icallets; r/r/tho upper Icallcts metamorphosed into tendrils ; r' end 
of the racliis, likewise transformed into a tendril. 

vonaflon, is characteristic of large groups of plants. In the narrow 
leaves of most of tho Mono(?otyledons the veins are parallel, branch- 
ing rarely or not at all (Fig. 13 7i), and they are therefore said to 
ho ])arall(d-vcincd ; while in many of the Dicotyledoj;is only a few 
veins enter the leaf, which branch frequently and anastomose, 
forming a relicnlated venation. According to the ramificatd'on 
of the veins, the vtaiation may be cither pinnate (Fig. 9 A), that 
is to say, a median vein or mid-rib runs through the leaf and gives 
off several lateral branches, as in the Tobacco, Beech, and Elm ; or it 
may be palmate (Fig. 9 B), that is, the vein divides at its entrance 
into the lamina into a number of equal diverging veins, which may 
again divide, as in the Maple and Ivy. 
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In descriptive J^otany a nnmbci* of terms are nsofl to (lescril>o 
the details of the iiisej’tion, the contour, the apex, mnririn, and lliH 
RogmcjjBtatioii of loaves. The most important are ms follows: 



Hlvnlica; tn inul-rib, n latornl vdtis; 
liaf of vnhjaris (nat. size). 


Jt Palinale venation of Die 


When tho blade 
springs iniincdifitcly 
from tile stem tho 
leaf is laid to bo 
te^aile ; avqyhsricaiil^ 
when it suiTO limbs 
the wliole, snni-am- 
filcxicaul, wlicii it 
surrounds only Inilf 
of the circinnfen.nofl 
of the stem at its in- 
sertion (Fifr. 10 A, 

Tltlovn perjoli<itiim)\ 
perfoliate, when tlie 
two opposite margins 
of the base of the lt3af 
meet and coalesce on 
the opposite side of 
the stem from tlie 
point of insertion, 
f.r/., Buplennim rotuudifolUtm (Fig. 10 /»*). Tliis form must not he coiifoiimled 
with connate leaves, in which case two leaves growing at tlie same level on 
opposite sides of the stem unite at their bases, e.g.^ tho lloneysucdde (Looicera 
Ciiprifolinm, Fig. 10 

In deenrrent leaves 
leafy wings extend 
downwards from the 
insertion along tlie 
stem, which is then 
said to be v'inged, 
e.g., many kinds of 
Mullein (Verba.scum); 
and the leaf-stalk is 
sometimes winged in 
the same wat by a 
downward growth of 
the lamina. 

The petiolo is oc 
casioiially inserted 
on the under side of 
the blade, which is 
then said to be peltate ; but it is usually inserted at its lower edge, and is 
either sharply defined from it or gradually merges into it ; an example of thii 



Fm. 10.— Tlie lusertum of sessile leavc.s. A airiiilexicaul leaf ol 
Thiapsi perfolintnm, B perfoliate lea f of Bu}>leuvum rotuiidi/oliuiu 
C connate leaves of Lonicera Capri/olium. 
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(fitter mode is afforded by the cuneiform leavcfl of the Daisy [Hellis perennU), 
A. heart-shaped or cordate leaf is one of which the lower edge is deeply hollowed 
in the median line, whether it be sessile or stalked, e,(j., the Lilac (^ringa). 
It is arrow-sha 2 >cd or sagittate^ when the blade is much prolonged on each side 
of this hollow, as in the Arrow-hend (Sagittaria). As to the general form of 
the leaf, it said to be linear when the opposite edges are nearly parfillel, e.g.^ in 
brasses ; lanceolate, when tho leaf is at least four times as long as it is broad, 
e.g., the Rib-wort (Plantago) ; elliptical, when the leaf is about twice as long 
MS it is broad, e.g., the leaflets of the Rose ; ovate, when the leaf is at the same 
time broadest towards the base ; ohovate, when it is broadest towards the apex; 
•ubrotund, orbicular, reniform, when it is both broad and somewhat heart 
shaped, e.g.. Ground Ivy (Gleohoma) (Fig. 14 E f). 

The leaf is also described, according to the form of the apex of tho blade, as 
being acute, when the lateral margins gradually converge at an acute angle, 
e.g,, the Rib-wort ; as acuminate, when the apex tapers rapidly (Fig. 11 G), 
e,g„ the separate leaflets of the Horse-chestnut ; or as obime or as emarginate 
(Fig. 11 Df ), when it is more or less indented at the broad obtuse apex, a# in 
some kinds of Senna (Caasia ohorata) ; as ohcordate, when this indentation is 
deeper, as in the leaflets of the Woodsorrel (Oxalis) ; and as mneronate, when 
there is a sharp projection from the obtnse apex, as in the leaflets of Lucerne 
(Medicago satit'a] (Fig. 11 F/ *•). 

The margin of tho loaf is either entire (Fig. 13 L), as in the Forget-me-not 
and Tulip ; or it presents slight asperities, when it is said to be dentate (as 
in each segment of tho leaf in Fig. 11 C) ; or it is sinuous, with sharp spines, 
as in the Holly {Ilex AquifoHum), when it said to be wainj ; or it is serrate, 
with teeth directed towards the apex (Fig. 9 R), as in the Rose ; or crenate, 
with obtuse indentations, as in the Violet (Fig. 1-J E f). If the margin be 
more deeply indented, the leaf is said to be indued, and the incision may be 
either palmate or pinnate, according to tho mode of venation. In order to 
express the fact that the incision extends less or more nearly to the junction 
of the lamina and petiole in palmate leaves, or to the mid-rib in pinnate 
leaves, different terms are used. Thus the leaf is said to be lohed and pinna- 
tijid or pal inati /id, when the incision does not extend so far as half way (in a 
palmate leaf. Fig. 9 IJ) ; partite, when it extends about half way (Fig. 11 A) ; 
dissected, when it extends the whole way (pinnatisccted. Fig. 11 <;). 

Compound leaves are formed by tho division of the lamina into several smaller 
laminse, connected by their secondary petioles {petiolnles), which are called 
ieaftets (foliola) (Fig. 11 /). The compound leaf, like tho lobed or partite 
simple leaf, may be palmate or pinnate. In the former case it is called, ac- 
cording to the number of the leaflets (tliree, four, five, or cnore) ternate, 
quadrinate, quinate, etc. (Fig. 11 B is temate), and by further division of the 
leaflets it may become hiternate or tritemate, etc. (e,g.. Clover, Lupin, Horse- 
chestnut). In the compound pinnate leaf the separate leaflets are called pinna:, 
and are inserted on each side of the mid -rib, or rac/i»« (Fig. 11 R/), which 
appears to be a prolongation of the true petiole (Fig, 11 D r). If the rachis 
terminates in a single leaflet, the leaf is said to be imparipinnate (Fig. 11 D t) ; 
but when it has no terminal leaflet, it is paripinnatc (Fig. 11 £). According to 
the number of the pairs of leaflets, the leaf is said to be bi- or tri-jugate, etc. 
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(Fig. 11 £). It is interruptedly pinnate when large and small pinnaa occnr 
alternately or irregularly, as in Potentilla anserina. When the pinnate seg- 
mentation is repeated, the leaf becomes hi-pinnate or tri-pinnate (Fig. 11 11). 
Many l^ves, by a combination of palmate and pinnate arrangement, acquire a 
highly complex conformation, as is seen in many umbelliferous plants. 

Leaves or portions of leaves are occasionally transformed into tendrils, which 
are organs of attachment (see § 48) : this is the case with the raebis and witb 



Pio. 11. — Incision of leaves, p petiole; p petlolule; f leaflet; r rachia. A Palmatifld 
ieaf of Geranium. B Ternate leaf of Clover. C Pinnatisected leaf of Papaver Argemoue. 
Compound leaves ; 2) ImparipinnaiOj Hippocrepis comosa ? t terminal leaflet. E Pari-pinT«ite, 
Piatacia lentiscuB ; a wing of the rachis. F Imparipinnate unijugato leaf of Medicago. 
This differs from B. which is ternate, inasmuch as the secondary leaf-stalks p' do not all 
spring from one point, bnt the common leaf-stalk p extends beyond the insertion cf the 
single pair of pinnse. Q licaf of the Orange ; the articulation a between the blade and che 
winged petiole shows that it is a compound leaf. H Bipinnate leaf of the Acacaa: 
r' secondary raebis ; secondary pinna. 
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all or flomo of the pinna), in tlie Vetch, Pea, and other allied plants (Fig. 8 C’ r' 
and ?•/). Less frequently the lamina is metamorphosed into an ascidium^ 
assuming the form of a pitclier, as in Nepenthes. 

The texture of most leaves may he described as herhaceoux. Leaves.^ of this 
kind last usually for only a single season, and die or fall oil in the autumn. 
Leaves of firmer texture, whioh are said to be coriaceous^ survive the winter 
and either fall off when the new leaves are developed (the Privet), or eontinue 
to live for several years, (Holly, Box, and most Conifers ; the acicular leaves ol 
the latter may persist for as many as twelve years, (Silver Fir;). ^Fleshy oi 
succulent leaves occur in Aloe, Sedum, etc. In many cases leaves aro meta 
morplios(*d into spines : these aro hard-pointed, 
woody structures, which, from tlicir position, may 
bo recognised as being modified leaves ; such are 
the loaves on the shoots of Berberis (Fig. 12 a b), 
the stipules of liobinia Fseudacacia, the persistent 
petioles of many species of Caragana and Astra- 
galus. 

The relative position and the form of leave? in 
the bud present many characteristic peculiarities. 

According to the greater or less breadth of the 
leaves, those which aro contiguous to each othei 
either merely touch at their edges (valvate prefolia> 
tion^ or (estiratioii in tlie case of flowers), or their 
edges overlap {imbricate prefoliation) ; an inter- 
mediate form, known as tho contorted or twisted^ 
is to he found, for example, in the o.rrangeincnt of 
the petals of tlie Periwiiiklo; in this case one 
margin of each leaf is directed obliquely inwards, 

Fig. 12 — Leaf-spines or Hf-r- and covers that of tho next. As regards the form 
berin viihjaris, at Uic irnso of a of the individual leaves in the bud, called the 
shoot of ono year’s growth, vernation, it ifl distinguished as planr, wJien the 
. leftf-spino with broad aar- ^ cmdlwUcale, when tUo two 

face;!) With a smaller Rurlace; x i * xn i- i r -i 

tii axillary buda (nat. sixe). '‘“I'’®® “0 folded luwarda from the nud- 

rib (e.y., the Bean) ; as plicate, when the leaf is 
folded in numerous longitudinal or slanting pleats {e.y., the Beech) ; as crumpled, 
when the foldings and inequalities arc in every direction {e.y., the petals of the 
Poppy) ; as involute, when the edges aro rolled inwards towards the midrib (e.y.. 
the Violet) ; as revolute, when they arc rolled inwards towards tho midrib on 
tho lower surface (e.g., Sorrel) ; as convolute, when tho whole leaf is rolled up 
from one margin so as to form a single coil {e.y., Canua) ; or as circinate, when 
tlie leaf is rolled up from the apex downwards {e.y.. Ferns). c 

In highly organised and differentiated plants many forms of 
I eaf-s tinctures (phyllomcs) may bo distinguished, for certain 
regions of the stern bear peculiar forms of leaves, which thougl) 
differing in some respects, agree in their general clmracteristios 
These are : 




PART 1. THE MORPHOLOGY OF PI.AMS. 


§^J 


15 


1. Foliage leaves^ vamtiWY known simply as leavos 13 /.) 

This is the most general form. These leaves are eons[)ienons on 
account of their green colour, and in acconhmce vvilli ilieir fiinclion 
(see § l!3), tliey are ex[)().sed as mneh as possible to the siin-light 
ff they are small they arc very numerous (Conifers), and the largc‘r 
they are tlie fewer they 
are (Sun - tlower, J*aul- 
ownia). • They always 
possess a well-developed 
lamina, Avhicli presents the 
various peculiarities of 
form previously described. 

2. Scales or cttfaph/illarf/ 
leaves 13 iNT). ^riiesc 
ara usually of a yellow or 
brown colour, of sim])le 
structure, without project- 
ing veins, and attached to 
the st em by a bi'oad base. 

They may bo regardcnl as 
the sheaths of leaves, the 
petioles and laminiu ot 
which have not been 
developed ; this is true 
even in the case of those 
plants the foliage-leaves of 
which usually develope no 
sheaths. 'Jliey always oc- 
cur on subterranean stems 
(^'.y., the scales of the 
Onion), and sometimes on 
aiirial stems. Many plants 
which are not green (Oro- 

AT ir \ 1 13.— The tliiee ri>rinH of loaves on tlio »lein o! 

bancho, .Ncottia) pioduce Hize) ; AT t!io homIos; L the 

only catapliyllary leaves foliage leaves ; it d tho bracts ; b the tlowci-fl in thei/ 

in addition to the floral 

organs. Tho most common form in which they occur uj)on aerial 
stems is that of scales investing tho buds of trees. In this case 
they are the low^est leaf-structure.s homo by the annual shoot, and 
usually fall off as the bud developcs. 

Some indigenous trees have naked buds without scales, as Viburnum Lantana 
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and Rhamnus Frangula, The following varieties of bud-scales may be die 
tinguished : 

a. No true bud-scales— the investment of the bud is formed by the stipules 
of the first foliage-leaf : A Inus incana and Liriodendron. . ^ 

(>. The stipules possess lamina, and are covered externally by one or more 
simple scales : Poplar, Willow, Elm. 

e. The bud-scalcs are stipules without lamina : within them are stipules 
with lamiriffl, and there may be simple scales outside of them : Beech, 
Oak (or they may be absent), Birch. ^ 

d. The bud-scalcs are simple leaf-sheaths without laminsa ; the foliage- 
leaves possess neither stipules nor sheaths ; Abietineas, Maple, Horse- 
chestnut. 

In a certain sense the cotyledons of Phanerogams, the leaves first 
developed from the seed, may be regarded as cataphyllary leaves 
These ■will be discussed at a later period. 

3. Ilypsophijllary leaves or heads (Fig. 13 Hd) belong to that 
region of the stem which bcfirs the Howers. They are smaller 
than the foliage-leaves, and are inserted upon the stem by a narrow 
base (the glumes of Grasses). They may be green or of various 
colorurs. 

4. The Flower is a shoot, the Icaf-structurcs of which have been 
modified into sepals, petals, stamens, and carpels. It is peculiar 
to Phanerogams, aud will bo discussed when those plants are treated 
of. (Part IV.) 

§ Stem-structures or Axes (Canlomes), with the excep- 
tion of the primary stem of the seedling, which is derived directly 
from the oosphere, take origin from stems of older growth; they 
u^ally spring, as has been shown in § 3, from the axils of the 
leaves. As a rule, one lateral shoot is formed in the axil of each 
leaf, but sometimes more than one is formed ; when this is the case, 
the shoots are cither situated one above the other, as in Gleditschia, 
or side by side, as in the bulbs of Muscari, All the shoots that 
originate as lateral bnds are not necessarily developed into branches ; 
thus the buds which are formed in the axils of the bud-scales 
always remain undeveloped, aril are only iii(?ited to growth when 
the other buds are destroyed. Buds which thus remain undeveloped 
for a long period, often for years, are called dormant^ and tho shoots 
ytrhich are ultimately produced from them arc said to be defarred. 

Adventitious shoots occur on old stems, and also on roots; fre- 
quently, for instance, on those of tho Poplar; sometimes even on 
leaves, as in Bryophyllum and many Ferns. 

Buds which become separate from tho parent plant before their 
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elongation has begun, and produce new independent ])lants, are 
called hulhils; such are the bulbous buds in the «axils of the leaves 
,of Liliuni hulbiferum, and in the inllorcscenecs of species of 
Alliun;,'otc. 

The typical form of the stem is cylindrical or prisiiialic; in the 
latter case the number of the angles bears a definite relation to the 
arrangement of the h'aves ; for instance, wlieii the leav(?s are oppo- 
site and (kicnssate, ilio stenn is qnadraiigulnr. Irrespectively of tlie 
the thickenings of the stem at the nodes which separate the inter- 
nodes, a tumidity, the usually occurs at the insei’tior. 

of the loaf, wliicli is very conspicuous on the brancljcs of tlie Fir 
Poplar, and Ash. 

The different forms of sterns arc determincwl by the ])eriod and 
direction of their growth, the length of their internodes, tlie relation 
of their thickness to their length, the form of the leaves they bear, 
and by other factors. 

The soft herbaceous axis of annual plants is usually known as a stalk (caulis) : 
the terms trJtnk, branchy and boityh are usually applied to sloni-structures wliicli 
persist and increase in thickness for several years. The latter aro built up of 
successive annual slioots; for, during the time when growth is inactive, whicli 
in our climate is in the winter, the apical and the lateral shoots remain quies- 
cent in the condition of buds. The lowest internodes of eacli annual slioot are 
short, jjarticularly those which lie among the bud-scales, so that tho limit between 
the shoots of two successive years is easily recognised even in old brandies by tlie 
close arrangement of the scars of the fallen bud-scales. The otlier internodos of 
the annual shoot arc longer nearer the apex, but aro sometimes short again close 
beneath it, as in the Oak, so tliat the leaves and lateral buds are crowded below 
tho terminal bud. WJicn most of the internodcs are elongated, as lias been 
described, the structure in question is an ordinary shoot : but on many trees 
tlicre are also dwarf-shoots. These are annual shoots the internodcs of whidi 
have hardly elongated at all, and usually bear no lateral shoots ; sudi are the 
shoots hearing the fascicled leaves of the Larch, which spring from tho axils*of 
the leaves of an ordinary shoot of tho same year: they usually elongate but 
slightly each year, but shoots of this description may, under certain circiun- 
stances, dcvolopo into ordinary shoots. In the Scotch Fir, tlieso dwarf-shoots bear 
only two green acicular leaves in addition to scales, and arise in the axils of the 
scaly leaves of an ordinary shoot of the same year’s growth. In forest-trees, 
these dwarf slioots occur especially in advanced age, or when tlieir growth is 
stunted ; they are very conspicuous in the Apple and tlio Pear, and other similar 
trees, and are the only parts of the tree which produce flowers and fruit 

The Ptem of lierhacoous plants is usually erect, but stimetirnes it is lirostrate, 
as in Tliyme; when, in this case, roots grow from tho nodes, it is called a creep 
ing stem (soholes, Fig. 14 R) Stolons are long, slender, lateral snoots whidi 
grow close upon or under tho surface of the soil and take root again at some 
distance from the parent plant {e.g., the Strawberry, Fig. 14 D). Twining or 

1 OTOi' 
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ilimhing stemn are stems wliich produce leaves and flowers, and at the same time 
«row upwards round upright supports (Fig. 15 />*), as the Hop, Bean, Convol- 
vulus, and others (v. § 48). Other plants climb by means of tendrils (cirrhi), 
i.e., slender, filiform, lateral shoots with only minute scale-like leaves which 
twist spirally round foreign bodies (Fig. 15 i^), as in the Vine, Virginia creeper, 
Passion flower, etc. 



Fio. M. — Various forms of stems. A Tubers of Itelianthus tuherosiis nat. size) } 0 lowct 
part of the stem springing from last year's tuber F; in the axils of the rpper leaves arise 
the buds hi, and in those of the lower leaves the tubers 1c with very small scaly leaves and 
buds. B, Bulb of Hyacinlhus orivntalis (reduced): k the discoid stem, s tbo scales, a the 
stalk which subsequently elongates and bears tho flowers above ground, with the buds h ; 
1 foliage leaves, w roots ; kn an axillary bud which becomes next year’s bulb. C Elongated 
rhizome of Carex arenaria (B : scaly leaves n of tho rhizome s; a erect shoot with scaly and 
foliage-leaves 1.— B Runner of the Strawberry, Fragaria (reduced), springing from the 
plant o, with scaly leaves n, from the axil of which a new runner h arises. E Creeping 
stem of the Ground Ivy, Gleclioma hederacea freduced) ; //decussate leaves; the internodei 
aratwi 9 t<«di a axillary shoot: to root. 
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Many axial structures become thorns, being metamorphosed into hard, sharp- 
* pointed bodies. Sometimes the apex of a shoot is modified in this way aftei 
' it has produced 

leaves, e j., the ^ ^ j. 

Sloe (Fig. 16), or A/ ^ ' iuf 

certain lateral '"'N. 

shoots are de- \ If 

veloped as thorns W \ ^ 

from the fi^t, as f 

in^OleditMliia. m J 

also are developed ^ 

from the axils of ^ ^ TO| A. VjW j J{ 

ranean stems K I 

which are com* iHj IJ JM|| W: I /I 'jJ 

monly known as ^0^ ^ j||i|j W Sw||!l %v VV'lli 

roots, and bear y ^ — -. B|j: J 

for the most ^ H|| \ 

part cataphyllary nW plfii 'l) \iw 

leaves, the most |||iii ilV 

important va- mm 

rieties are— the W 

rhizome, which W 

differs but little 1 

from the ordinary Ifi.— A Part of the Ptem of the Vino net. pizc) with twd 


tvpical stem* it upper one bcarp biiiuH loaves h and hraiicht-s; tho 

lower ono has become attached to a Hupi)ort x nrul has rolled up 
grows horizon- petioles ; in thi.s caso tho tendrils are branches which are 

tally under the peculiar in that they are opposite to tho leaves. H Twining stem of 
earth’s surface, Ipomoea, s, with leaves b anti a hinl k; xx is the support, 
and developes . « m 

new aerial, herbaceous stalks and sometimes green Jl'lf 

leaves every year (Fig. 14 C) : the tnher, which I 

grows greatly in thickness and hears only minute 

scaly leaves ; e.(/., the tubers of tho Potato and of I jhB|| 

Ilelianthm tuherosus (Jerusalem Artichoke) (Fig. ' 

14 A 1c ) : the bulb (Fig. 14 />’), which consists of a Hf’t! 

flat discoid axis1[/c) bearing numerous crowded and Fio. 1H.— Thom of the Sloe, 
overlapping leaves (z) the Onion and Tulip, PrunuR sjiinom, a l»rn,nch, d 

and the com (Crocus) in whicli the axis is larger l^ff- scar, from the axil of which 
, 1 T I the thorny brancli « sprinj^s ; 

and the scales less numerous and more delicate. „ « tu’ „ /r 

on the thorn arc jf Icat-scnrs; 

Tlie form of stem which differs most widely from the axil f)f the upper one is 
the ordinary type is the •phylloclade, which re- the brunch z, in that of the 
sembles a leaf in its appearance, and bears only l»wcr, the bud fc. 
very small true leaves, e.y., the brandies of Euscus and Phyllanthus. In the 


the thorny brancli « pprinj^s ; 
on tlio thorn arc // Icaf-scars; 
in the axil of the upper one is 
the branch z, in that of the 
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Cactus family there is the greatest diversity in the fonn of the stem ; it may bo 
leaf -like, spherical, cylindrical, coliimuar, etc. — but in all cases the leaves ro 
rudimentary. 

§ 6. Development of Branch-Systems. Just as it is pos- 
sible to asccrfciiin the laws governing the relative positions of all 
members growing in acropetal succession from a study of the loaves 
(which are always developed in that order), so the study of the 
branching of stems will lead to the genoi-al laws which regulate 
branching. By branch lug is meant the production of similar mem- 
bers : — thus it is an instance of 
branching when a root produces 
a lateral root. Any member 
with its branches composes a 
branch-fiifslciiij and every branch- 
ing member is, with i*efei‘ence to 
its branches, the axis of a sys- 
tem. ^J'ho following types of 
branch- systems may be distin- 
guished, accoi'ding to the ar- 
raTigeinent of tlio membcjrs : 

1. The branching is termed a 
Bicludomy or Folyotomy, when 
the direct apical growth of a 
member ceases, two or more 
growing-i)oints which arc ecinally 
vigorous, at any rate at their 
first development, being formed 

at the apex. The member which 
Fig. 17.— Diajram of the various modes ol . n t .i 

develonratnt of a Dichotomy, A One clove- bcurs the hrailcllCS IS Called the 
lopod by bifurcation. H Helicoid dichotomy ; or podmiii, and each of 

here the left-hand branch is always more 

vi«orou. than tho risht (r). c Scorpioic brandies may become the 

dichotomy; tho ri^,dit and loft branches arc baso of a nCW dichotomy Or 
alternately more vigorous in their growth. poiy^tomy. They may either 

continue to grow with equal vigour, and then, in the case of u 
dichotomy, tho branching remains distinctly bifurcate (Fig. 17 A), 
or the system may become synipodialy if at each bifurcation one 
brancli becomes more strongly developed than the other : in such a 
case the bases of the successive bifurcations appear to constitute an 
axis, which is called the pseud-axis or sym podium^ on which the 
weaker branches appear as lateral branches (Fig. 17 B.G). The 
^ympodium may consist of bifurcations belonging to the same side 
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i)i* tlio successive did 10 torn ies, either to the left or to the right (Fig. 
17 Zi), when it is said to bo a helicoid (bos/njehoid) dichotomiiy ejj.y 
•the leaf of Adiaiduni pcdalumy or it may consist alternately of thtj 
nght and left bifurcations of successive dichotomies (Fig. 17 C), 
when it is said to be a scorpioid {cicinaV) dichotomy. 


Dichotomoufs brancliiii" is rather uncommon, and scaro(?ly ever occurs in 
It'afy shoot^i: it occurs in the roots of the L^'copodico) and in tlio fnmdosc 
Liverworts. 


2. The brandling is said to be racemnmi when the member con- 
tinues to grow in its original direction, and produces lateral 
branches in acropotal snccession behind its ajicx; it. is therefore 
the common base of all the lateral shoots, ami lieuco the system is 

termed mono- 
jx* pndial. It is 

eviileiit that 
this mode of 
branching 
must occur 
in all stems 
tho lateral 
brandies of 
which arc de- 
pendent, as to 
their position, 
upon the ar- 
rangement of 

Prfl. 18.— riin^Tvcm of a False Dichotomy or D!chaslum ; the Rotnim IcaVCS and 
numerals indicate the order of dcvelupraont of the shoots of tho ’ 

system. Those numbered IT and 11" are equally vigorous, and much arc thercfoue 
more so than the primary axis I. (From Bachs.) developed in 

acropetal succession. Each branch may subsequently branch again 
in the same manner. The primary axis continues to grow more 
vigorously than tho lateral axes, and each lateral axis stands in tho 
same relation Jto the lateral axes. 

3. The branching is said to bo cymosey when at an early stage tho 
growth of each lateral axis begihs to be more vigorous than that of 
the primary axis above the point of origin of the lateral axis, and 
when the lateral axis becomes more copiously branched than the 
primary axis. Hence two forms may arise ; 

(a) there may be no pseud-axis ; this is the case 'when two or more 
lateral axes are developed in different directions and grow with 
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nearly equal vigour (Fig. 18) and more vigorously than the primary . 
axis, which soon ceases to grow ; such a system has a certain resem- 
blance to a dichotomy or polyotomy, and is called a falae dichotomy 
(Dichasium) or a false polyolomy (Polychasium) : or (j8) a pseud- 
axis IS formed; this takes place when only one lateral axis developes 
vigorously in each case, as in Fig. 19 A, where the lateral axis 2 has 
grown moi’c vigorously than the mother-axis 1, and so on. (In the 
diagram the dark lines indicate the more vigorous growth.) The 
pseud-axis which is thus formed is at first crooked, but in most cases 
it subsc(|uently becomes straight (Fig. 19 A becomes B), If the 
stronger growth always occurs in the lateral shoots of the same 



Fio. 19.— Cymose branc*liin"s represented din^rammatically. A It Scorpioid (cicinal) 
cymo. C Dicliasial cyme. D Helicoid (bostrychoiii) cyino The uumenils indicate tho 
Lnlcr of succession of tlie lateral shoots which spring from each other; (Figs. A, B and D 
are ground-plans; Fig. G is a projection into the plane of tho paper). 


side, the system is called a helicoid cyme (Fig. 19 D) ; if alternately 
in those of both sides, it is called a scorpioid cyme (Fig. 19 A B). 
Such a branch-system is said to be symjwdial, 

I 

As examples of these various modes of branching, the inflorescences, which 
will he treated of subsequently (Part IV.), may he especially mentioned ; the 
following are selected from the vegetative organs : 

Jiacemose brandling is very evident in Conifers ; the trunk is always more 
strongly developed tlian its lateral brandies, and these than their lateral branches. 

False Dichotomy is exhibited in the stem of Viscum, the apex of which either 
terminates in a flower or else dies ; only the axillary buds of the two leaves de- 
velope into new annual shoots. As regards the arrangement of the annual shoots, 
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tbe same occurs in Syringa, in which the axillary buds of the uppermost pair ol 
leaves form the continuations of the stem, whilst the terminal hud dies ; also in 
Rhamr/As catharticus, in wliich the main axis is raetamorphosod into a thorn. 
In this uise the branching of each annual shoot is racemose, but the successive 
annual shoots form a cyme. 

The succession of the annual shoots of many trees, as tlie Birch, Elm, Beech, 
and Hazel, affords examples of the sumpoilial cyme; in these, each annual shoot 
either terminates in a flower, or it dies, and the nppmnost lattnal hud forms its 
continuati«n. Here also the branching of each annual shoot, apart from its 
apex, is racemose. 

§ 7. The term Root in its botanical sense is not applicable, as 
in ordinary parlance, to any subterranean pai‘t of a plant, but only 
to those members of a jdant which are developed endogenously, 
which produce no leaves, and whicli 
have their growing-jioint protected by 
a peculiar structure, the root-cap (Fig. 

20 li). The outermost cells of the 
root-cjip are thrown off while new 
ones are continually beiiig formed at 
the gi*o wing- point. 

Roots only occur in such plants as 
possess fibro- vascular bundles, and 
they themselves invariably contain 
such bundles ; only a few vascular 
plants are entirely destitute of roots 
(Salvini.a, Lemna arrhizo, etc.). Tlic 
term jurouary roof (tap-root) isa])plied 
to the root of a young plant which 
lies in the same straight line as its 
primary stem ; in the Vascular Cry^p- 
togfirns and in the Monocotyledons it remains small, and it is only 
in the Dicotyledons (to which group ihe Hean, the Tobacco, the 
Hemp, and the Oak belong) and in the Gymnosperms, that it 
attains a considerable size in pi’oportion' to the rest of the plant. 
All the otlujr roots — the aecomlary and the (uhcntUioiin — originate 
laterally upon the primary root, or from the stem, or even from 
leaves. They invariably originate from an internal layer of tissue, 
and then break through the external tissues. On anatornicixl 
grounds (§ 25), the Lateral roots are arranged in longitudinal rows 
on the main-root; at a later period, however, numerous adventitious 
roots are successively developed here and there between the oi iginal 
lateral roots. 



Fio. 20,— 'Pho side roots w, thrown 
out from tlio pericnMibium of tho tap* 
root of Vida Fnba. (Loiigibuilinal 
sec. mag. 5 times.) / Fibrovascular 
buucllos. r Corte.v of tho main root. 
Ji Uoot-ca]) of tlic lateral roots. 
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The primitive form of roots is tliat of an elongated cylinder ; only those roots 
which undergo a gradual growth in thickness and at the same time become 
succulent acquire a spindle shape, e.g.^ Beetroot, or exhibit tuberous swellings, 
c.y., tlie Dahlia. The aerial roots of many tropical plants, such ns TrfeTi-Fcrns, 
Orchids, and Avoids, which serve to attach them to tall trees and other supports, 
are physiologically different from true roots. So, too, are the climbing roots of 
the Ivy, which grow close together from certain parts of the stem and remain 
quite short, serving as a means of secure attachment to walls and tree-trunks : 
also the sneker-roots of many parasitic plants, c.g., Dodder (Cusc 4 \ta), which 
penetrate the tissues of the plant which nourishes them. 


§ 8. Hairs or Trie homes are organs which are developed from 
the epidermis of a member. This category inelndes not only hairs 
in the strict sense of the word, sucli as will be described hereafter 
in § 29, but also many reproductive organs, such, for instance, as 
the sporangia of Ferns. 


Prickles, such as those of the Bramble or of the Bose, 
are usually included among trichomes (Fig. 21). They 
differ from true liairs in that they are formed not from 
the epidermis only, but from the subjacent tissue also, 
but they agree with them in that they are not arranged 
in any regular order, and are not the result of the mo- 
dification of certain members (caulomes or phyllomes), 
as is the case with thorns and spines. Like the hairs they 
arc merely appendages, the occurrence and arrangement 
of which does not materially affect the general structure 
of the plant. In order to indicate the fact that they are 
not developed in the same w^ay as true trichomes, prickles 
and allied structures (warts, tubercles, etc.) may be de- 
signated as Emergences, 

The ordinary hairs may bo simple, or compound, they 
may be stellate, they may bo hardened and elongated 
(seta?), or they may bo glandular. According to the nature and number of the 
hairs upon it, a surface is said to bo pubescent (the flower-stalks of the Prim- 
rose), pilose (leaves of the Sunflower), hirsute {Myosotis sylvatica)^ setose 
(Borrnge, Echium), villous (Anemofte Puhatilla)^ tomentose (leaves of Petasites 
niveiis and spurins)^ silky (leaves of Salix alba), woolly {Stachys germanica). 
If there are no hairs upon it, it is said to be glabrous. 



Fig, 21.— Prickles on 
the stem of tlio lirainble, 
Ritbus f}-uticosii8 (nat. 
size). 


§ 9. The body of the lower plants (Algas, Fungi, and many 
Ijiverworts) exhibits no differentiation of stem, leaf, and root. It 
possesses organs which serve, like the roots of the higher plants, to 
fix the plant to tho soil and to absorb nutriment, and frequently it 
exhibits branchings which resemble leaves j but these structures do 
not properly belong to the two categories as defined in § 1. Such a 
body is termed a Thalhis, A thallus may, and very frequently does, 
bea>* true trichomes, such, for instance, as root-hairs. 
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§ 10. Tlib mombers? of iho plant which have boon described in 
Part I. agree, as to their intornal siriKrturo, in this, that tliey all 
consist of cells or of structures formed by tbe modilication of cells. 
The cellular structure of the parts of plants may bo easily observed: 
a section seen with even a lov magnifying power shows cavities 
separated by avails. Souiotinios it :s possible by more pressure to 
separate the cells forming a tissue, as in the case of tlio ripe Snow- 
berry (fruit of Sifmj}horicarpus raceinoms), when they appear as 
closed vesicles filled with fluid. Certain cells always occur isolated; 
thus the pollen consists of isolated cells. The form and develop- 
ment of cells, the mode of their combination to form tissues, and 
the resulting texture of the tissue, nmy vary greatly. Since the 
variety of tlie tissues depends upon the develo]iment of the cells 
composing them, it will be .advantageous to study cells, as such, 
first, and then the tissues. 


CHAPTER I. 

THE CELL. • 

§ II. The Structure and Form of the Cell. In a well- 

developed living cell the following three principal constituents may 
be distinguished : 

(1) . A firm elastic membrane, closed on all sides, the celUimll 
(Fig. 22 C/z), which consists of a .substance peculiar to itself, called 
cMulose, 

(2) . A layer of soft subst.ance, the protoplasm, lying in contact 
with the inner surface of the membrane, and, like it, closed on all 
sides ; this always consists of albuminous substances (Fig. 22 G p). 
In all the higher plants at least, a nuchus (Fig. 22 G fc) occurs 
imbedded in it. 

ss 
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(3). A watery fluid, the cell which fills the whole space, 
called the viiciioley enclosed by the protoplasm (Fig. 22 C s). 

The same cells in which these three parts may be distin^jnished, . 
present, in their young state, when they are very much smaller 

(Fig. 22 quite 
a different appear- 
I ance. At this period 
^ the protoplasm fills 
the w’holo cell ; the 
ccll-sap makes its 
appearance in the 
course of develop- 
ment, at first (Fig. 
22 B) in the form- 
of small drops. 
These, while the 

whole cell incrca.scs 
in size, gradually 
increase also and 

coalesce; while at 
the same time the 
bands of proto- 
plasm which se- 
parate them are 

(ibsorbed into the 
peripheral layer. 

In this way these 
colls attain the con- 
dition in w’hich they 

Fio. 22.— rnrercliyma-cells from tbo cortical layer of the root remain Until tJie 

loBgitadinal«ections(^^^ ^ Very the Organ 

young cells lying close to the aiiex of the root, still without ^ ® 

cell-sap. li Cells of the same description about 2 min. above the of which they form 
apex of the root; the cell-sap s forms separate drops in the Thev mav be 

protoplasm p. C Cells of the samo description about 7-8 mm. ^ ^ ^ 

above the apex of the root ; the two cells to the right below taken as examples 
ere seen in a front view; the large cell to the loft below is in q£ ^||q coHs which 
section; the cell to the right above is opened by the section; 

the nucleus shows, under the i.ifliience of the penetrating COmpOSO the SUCCU- 
water, a peculiar appearance of swelling (« y), (Copied from lent parts of plants, 

Rni.lm.'k 1 il. A 

such as the cortex 

of stems and of roots, and fruits. Other cells, as for instance those 
of wood and cork, pass beyond this stage and become still furthei 
modified ; the cell-sap and protoplasm disappear, so that at last only 
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air or water is contained witliin their walls. But whilst cells of the 
former class, furnished with protoplasm, arc capable of carrying on 
osmotic and chemicjil processes, and, under certain conditions, of giv- 
ing rise to new cells, — that is to say in short, of living, — mature wood- 
cells, devoid of protoplasm, are no longer capable of performing these 
functions ; they are n 

of use only in virtue jl p I 

of the firmness and I [ || j)\ I Q 

other physical pro- j j \\j \\\ ^ | 

porties of their l| !j //I jljj V 

walls. Hence the (/ { jj'J \l \ 

protoplasm is to bo 1 n 1 ll 

regarded as the Ij j J j If tf ^ (' 

living body of the i|' || j i |( L ff i 

cell. Indeed, there | || , ^ i yA A A 

are cells which, J. 'I { I \ | I'A 

when first formed, |j;i! j [ i\\ ^ Ij I 

consistonly of naked Hii A J \ | 

protoplasm, and ’fl| (( '[ \ | 

they occur precisely | | / 11 v l\ 

in connection with llj | ''j \ u \\a 

the most important | ^ '1 \ \ 

vital function of |!j n U 

the organism — that j n| )}\jj \\ 

of reproduction. || //j j j A V\ 

Such cells are || y \jl \ M 

termed primordial | \| | | 

cells (Fig. 37 B). I I ^ U I 

They subsequently ff ^ * 

become surrounded 23.-Varions forma of cells. A The end of u hiiBt-flhro. 

by a membrane with strongly thickened i)illodwan8(loii^it.ii(liiiiilHcct.ii)n x :{(N)). 
which is secreted ^ VV««tl’Cell3 from the root ortho Cucaimhcr ( X 300), Burface- 
view and section. C Part of vessel with bordered pits from tl»o 
by the protoplasm, stein of Ilelianthus tuherosus ( x 300) cut open at the top. At a 
From this ^t ap- ^ rcmainB of the absorbed septa aie visible. 

pears that the cell- wall, as well as the cell-sap, is a product of the 
vital activity of the protoplasm. It has been attempted to express 
the essential characters of the cell by describing it as a mass of 
living protoplasm which usually surrounds itself with a fir in membrane, 
and takes up fluid into itself. 

Various as the internal arrangements of the cell may be, its size 
and form may vary quite as widely. While some cells are so small 
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that little more than thoir outline can be discerned with the help 
of the strongest magnifying power (about 0*001 of a millimetre in 
diameter), others attain a considerable size (from 0*1 to 0*^ milli- 
metre), so «as to bo distinguishable even by the naked eye (for 
example, in the pith of the Dahlia, Impatiens, and Elder (Sam- 
buciis)). Many grow to a length of several centimetres, as the hairs 
upon the seed of Gossypium (cotton) ; others finally, as in some Algaj, 
wliere the whole individual consists of a single cell, attain still Larger 
dimensions. 

The Form of such colls as constitute an entire individual is often 
nearly spherical, or ovoid, or cylindrical ; but they may also exhibit 
a highly complex conformation, in consequence of the assumption of 
quite different forms by the various outgrowths of one and the 
same cell. The various organs of highly organised plants consist 
of very different cells, and even in the same organ cells lie side by 
side which are of very diiferent form, and which are filled with 
somewhat diiferent contents, for diverse functions have to be per- 
formed by a single origan. The cells in such a case arc sometimes 
spherical or polyhedral, with nearly equal or slightly differing 
diameters (Fig. 22 C7, as in pith, in juicy fruits, and in fleshy tubers) ; 
sometimes greatly elongated and at the same time excessively narrow 
(Fig. 23 A and jB), as in wood, in bast- fibres (Flax), in many hairs 
(Cotton). Longitudinal I’ovvs of cells frequently combine to form a 
special organ by the absorption of the transverse septa which 
separate their cavities (Fig. 23 (7): it is thus that the as they 

are called, are formed. (See § 22.) 

§ 12. The Cel I- wall consists of cellulose, water, and inorganic 
constituents. It originates and grows in consequence of the secre- 
tic\Ti of those substances by the protoplasm. The grpwth of the 
cell- wall takes place both in extent and in thickness ; it is effected 
by the intercalation of additional particles of solid matter between 
those already existing in the membrane.**^ 

By its superficial growth the surface of the membrane and con- 
sequently the whole volume of the cell, is increased ^ so much so 

• This mode of growth by intercalation of new solid particles between the 
existing particles is known as intussusception^ and is essentially di£^erent from 
apposition, — that is to say, the deposition of new particles upon the surface of 
the growing body, as in crystals. This plienomenon is closely connected with 
the idea that in the cell-wall, as in starch granules and other organised bodies, 

the solid particles must be conceived of as being surrounded on all sides bj 
water. 
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§ 12.J 



that the volame of the cell not nnfrequently becomes a liundml- 
fold greater. Thus, for instance, in a leaf enclosed in a Icaf-biid, 
, the cells, of which it will consist Avhen 
mature, all exist already, and it is by their 
simultaneous increase in volume that tlie 
leaf attains its ultimate size. Jii tlie rare 
cases in wliicli the superficial growth is 
equally gi*eat at all points, the cell preserves 
its original form, but usually tlie cell- wall 
grows more vigorously in certain parts than cichomun inti,hns; tii« ui- 
in others ; thus, for instance, a primarily »nost sphcricni surface of the 
spherical cell may become cubical, tabular, 

cylindrical, tubular, fusiform, and so lor ill. loui'ca iuio spines, and form- 

The growth in ihichuess of the cell-wall network. (Alter snci.s.) 
is also rarely uniform ; the cell- wall commonly becomes more 
thickened at some jioints than at others, and thus acquires in- 
equalities of surface, in the case of isolated cells or of free cell- 
walls, the prominences existing in this way on the external sur- 



Fio. 25. — r Annular, s spiral 
thickening of the flails of ves* 
Rcls ; r seen from outside, « in 
longitudinal section highly 
magnified (diagrammatic). 



Fig. 26.— a coll with 
pitted walla from the 
wood of the Elder (Siim- 
bucus). A longitudinal 
section showing the pits, 
in the lateml walls as 
channels, a ; and in the 
farther wall as roundish 
spots, h. X 240. 



Fro. 27.— Transverse sec- 
tion of a host cell from thr 
root of Dahlia varialilw ( x 
800); I the cell-cavity ; IC pit- 
channels which penetrate 
the stratification ; »p a crat^k 
hy which an inner system of 
layers hnsbccomo separated. 
(Copied from Sach-^.) 


face appear as warts, tubercles, knots, etc. (Fig. 24). Cells that 
are united to form tissues have their inequalities on the internal 
surface of the cell- wall ; the prominences sometimes have a defi- 
nite form and project Into the interior of the cell ; such arc tho 
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annular (Fig. 25 r) and spiral thickenings (Fig. 25 s) of the walla 
of certain Vessels ; in the so-callcd reticulated cell- walls, the thicken- 
ing is In bands which are united into a network, so that cirgnlar or 
oval thin spaces are left. In other cases, solitary and relatively 
small thin spaces are left in the wall in the course of the growth in 
thickness, which appear, when seen on the external surface, as 
bright spots, commonly called piU^ and are seen in section to be 
canals of greater or loss length, according to the relative «i,hicknesB 
of the walls (Figs. 26 and 27). Very frequently the pit, wher seen 
from the surface, presents the appearance of two concentric circles 
(Fig. 23 C) ; for this reason, that the opening of the canal into the 
interior of the cell is narrow, whereas the external opening is broad. 
Such bordered pits occur in the wood-cells of Conifers (Fig. 42) ; in 
the walls of. many vessels (Fig. 23 0); and elsewhere (Fig. 41). 
The scalarifovm thickening of the walls of many vessels arises from 
the regular and close arrangement of bordered pita which are much 
elongated transversely. 

The cell- wall shows indications, in many cases very plainly, of an 
intimate structure which depends upon the regular alternation of 
more and loss watery layers ; this displays itself in transverse and 
in longitudinal section as concentric stratification (Fig. 27), and on 
the surface as striatioiu 

Thin cell-walls generally consist, as regards organic substance, 
entirely of cellulose, which assumes a blue tint on the addition of 
iodine and sulphuric acid. In thickened walls it frequently happens 
that certain parts, composed of successive layers, consist of modified 
cellulose. The principal modifications are the following : — 

(1) . The cellulose may be converted into cork (cuticularized). 
TJhe cuticularized cell-wall is extensible, higlily clastic, almost im- 
permeable to water ; it turns yellow when treated with iodine and 
sulphuric acid (examples, the cells of the epidermis and of cork, 
pollen-grains, spores). 

(2) . The cellulose may be converted into lignin. The ligneous 
cell- wall is hard, inelastic, it is easily penetrated by water, but it 
does not absorb much ; it turns yellow when trcatecl with iodine 
and sulphuric acid (examples, wood-cells), 

(3) . The cellulose may be converted into mucilage. The muci- 
laginous cell- wall is, in its dry state, hard or horny ; it can 
absorb a large quantity of water, and at the same time it increases 
greatly in volume, becoming gelatinous ; it usually turns blue witl 
iodine and sulphuric acid Coxamples, linseed and ^quince mucilage). 
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• These -modifications may occur either singly or together in the 
difFerent layers of one cell- wall. 

• Miner^ matters are also frequently deposited during growth in 
considerable quantity in the oell-wall, particularly salts of lime and 
silica ; they are usually intercalated between the solid organic par- 
ticles of the cell-wall, so that thoj cannot be directly detected, but 
remain after burning as a skeleton which retains the form of the 
cell. SiliJa is present in the stems of Grasses and of Equisctacccc. 
Calcium carbonate sometimes occurs in a crystallized form (as in 
the epidermis of the Urtieem), and calcium oxalate also in well- 
defined crystals (§ 18, Fig. 34). 

§ 13. The Protoplasm consists principally of albuminous sub- 
stances (proteids), water, and a small proportion of ash constituents 
As it is the seat of all the vital phenomena and nutritive processes 
of the cell, it must obviously contain 'within itself at dilTorent times 
all the other cheijiical constituents of the organism. Sometimes if 
appears homogeneous and transparent, but it is generally more or 
less granular in consequence of the presence of drops of oil, of 
starch grains, etc. It is of a tenacious consistence, sometimes firm, 
sometimes almost fluid, but it is never a true fluid. When the 
protoplasm encloses griinules, an outer layer free from granules can 
be detected, which is frequently very thin ; this is called the evio» 
plasm, the inner granular portion being known as the endoplasm. 
Frequently a part of the water which saturates it collects to form 
vacuoles ; when these coalesce find the cell-sap fills the greater pfirt 
of the cavity of the cells (Fig. 22 G s), the protoplasm forms merely 
a layer within the cell- wall, which has been termed the prlmordinl 
idricle. Living protoplasm will neither fibsorb colouring matter 
dissolved in water, nor allow its passage, but dofid protoi)lasm ha^ 
no power to hinder its diffusion, and even takes it up in considerable 
quantity. 

The nucleus, on account of its constitution and position, is essen- 
tially a part of the protoplasm; it is apparently wanting in certain 
groups of lowqjT plants (in some Fungi and Algie). It contiiins one 
OP more much smaller bodies called nucLeoU (Fig. 22 A k /»;). 

The movements of the protoplasm are among the most remarkable 
of phenomena. In many cells currents may bo perceived which 
flow from the nucleus outwards, towards the peripheral protoplasmic 
layer (jOircidation) ; or the whole peripheral layer of protoplasm is 
in rapid movement along the walls of the cell {Rotation'), Naked 
primordial cells, as for instance, swarm -spores and antherozoids, 
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ewim about in the water in which they live, rotating at the same 
time on their own axes. The so-called plasmodia of Myxomycetes 
exhibit an amoeboid movement ; that is, the naked mass of proto- 
plasm continually changes its outline, ncAv protrusions are thrown 
out from the central mass, whilst others are withdrawn, and it thus 
moves slowly from place to place ; at the same time a rapid motion 
of the grannies within the mass is going on. 

§ 14. Crystalloids. Sometimes a part of the prj-toplasmio 
substance assumes a crystalline form ; bodies are formed which are 
bounded by plane surfaces and which have an angular outline, 





Fla 29.— Cells from tuo endospemi of 
Ricinus cornmniiU (x 800). A fresh, in 
thick glycerine, D in dilute glycerine, C 
warmed in glycerine, D after treatment 
with alcohol and iodine : the nleurone- 
grains have been destroyed by sulphuric 
aCid, the matrix remaining behind as 
1 net-work. In the aleurono-grnins the 
i^loboid may be recognised, and in B C 
He crystalloid. 



Fio. 20.— Cells of a very thin section through 
a cotyledon of the embryo in a ripe seed of Pimm 
satimm; the large conccintricnlly stratified 
grains St are starch-grains (cut through) ; the 
small granules a are nleurone, consisting Of 
proteids; i the iiitorccllulur spaces. 


bearing a very close resemblance to certain crystals, for the most 
part cubical, octahedral, tetrahedral, or rhomboidal (Fig. 28) ; but 
they are essentially difpereut from true crystals, inasmuch as they 
are capable of swelling-up, that is to say, of increasing considerably 
in volume when treated wdth various reagents. Such crystalloids 
occur, for instance, in the tuber of the Potato, in the aleuroiio- 
grains of oily seeds, in red marine Algae, etc. 

§ 15. Aleu rone-grains. In oily seeds more especially, the 
protoplasm is aggregated into spherical granules of various sizes. 
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which lie in a matrix of albuminous and fatty matter. These ar*6 
• the Proteid- or Aleurone-grains. These granules consist of albu- 
minous substances, and almost always enclose other bodies (Pig* 
28 0) ;< fcliese are tlie above-mentioned crystalloids, and peculiar 
small round bodies, the globoids, which consist of double phosphate 
of lime and magnesia. These bodies may occur separately or together 
n the aleurone-grains, according to the kind of plant. In seeds 
which are rich in starch, the spaces between the Largo starch-grains 
^re filled with similar but much smaller granules (Fig. 29). 

§ 16. ChlorophylUcorpuscles. The green colour of most 
parts of plants is pro- ^ 

<iuced by the presence of ^ ^ 

green granules, called 

Chlorophyll-corpuscles, in ^ 

certain cells (Fig. 30). ife SV" 

These are composed of a % % ji ® 

colourless ground- sub- ^ 

stance, throughout which ^ m 

a small quantity of a If a) 

green colouring- matter m 

called Chlorophyll is dis- f 

tributed. If this colour- m ffl J 

ing-matter be extracted 1# A w 

by a solvent, such as al- j® 1 

cohol, the colourless cor- ^ ^ 8 * ^ 

puscle remains unaltered iL f / 

in size Jind form. The 

corpuscles are always im- \ 

bedded in proto plasm, and 

30.— Clilorophyll-corpupc^ea in llie protoplapm ol- 

their gl-oand-snbstance is ,h,cel,.of theprott.alliumof aFem. ^ Optical secUon'' 
only a specialised portion 5f tbo cells; R part of a cell seen from the surface, 
of the protoplasm. The 3ome of the corpuscles have begun to divide. 

corpuscles do not always occur in the form of granules ; in some or 
the lower Algse the whole of the protoplasm, with the exception of the 
ectoplasm, is coloured green; in others, the coloured part of the proto- 
plasm assumes a stellate form (Fig. 76 A), or it exists in plates (Fig. 
76 B G) or spiral bands (Fig. 40 cl). These green-coloured portions 
of the protoplasm are all included under the general term, chlorophyll- 
corpuscles. Under the influence of sunliglit starch-grains are formed 
in the interior of these chlorophyll-corpuscles, which often grow so 
' large that the substance of the chlorophyll-corpuscle is only discern- 
ible as an extremely delicate layer covering the contents (Fig. 31 ). 


B’lo. 30.— Clilorophyll-corpupc^e.s in llie protopla.«>m 
;he cells of the prothallium of a Fern. A Optical section 
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Pio. 31. — Separate Chlorophyll . cor. 
pusclee with atarchy contents from the 


The nltimate fate of the chlorophyll-corpuscles is to be absorbed, 
as happens, for instance, in the cells of leaves before they fall, and 
nothing then remains but small yellow granules. 

The green colouring-matter, the chlorophyll, is mixed, Vsl many* 
families of Algm, with other colouring-matters, and the coloured 
protoplasm appears bluish-green, olive-green, dull yellow, or red. 
Occasionally the chlorophyll itself undergoes modification and be- 
comes red or yellow, and the form of the corpuscle changes at the 
same time, as in the ripening of many fruits, which are at first 

green and then become yellow or 
^ ™ red; e,g.y the Tomato {Lycopersicum 

^ ^ 

iBr Closely related to the chloro- 
f phyll-corpuscles are those proto- 

bodies which are tinged 
^ ^ yellow colouring-m.atter, 

and cause the yellow colour of 
Jj many flowers; e.g.^ the Dandelion 

(Taraxacum officinalis), 

Pio. 31. — Separate Chlorophyll . cor. t xr i 

pnselea witU .tarchy contents from tl.o I® ““'”7 caseS the green CoIour 
loaf of Funarta hygnmetrica (660). o A of different parts of plants is dis- 

yoang corpuscle. 6 an older one, y and r ^ ^ pre.sence of Other 

have begun to divide, ede old corpuaclcB o ^ ^ , 

in which the starchy conteiiis fill almost Golouring-mattcrs which are in solu- 

the whole epaco. /and , after maceration ^ cell-sap, aS In the leaves 
in water by which the substance of the ^ , , 

corpuscle has been destroyed and only the of Amaranthus and of the V irginian 
starchy contents remain. (After Sachs.) Creeper at the end of tho summer. 

§ 17. Starch-grains are small hard granules, usually round, 
oval, or lenticular, consisting of starch, water, and a small propor- 
tion of incombustible ash, which occur in certain cells of almost all 
plants. The tubers of the Potato, tho seeds of cereal and of legu- 
minous plants are especially rich in them. They can be extracted 
by maceration from the organs in which they occur, and then ap- 
pear to the naked eye as a white powder, which is known as Starch, 
Starch belongs, like Cellulose, to the carbo-hydrates. It may be 
easily shown that each grain consists of two substances, of which 
the one, Granulose, can be extracted by saliva or by dilute acids, while 
the other. Starch-cellulose^ remains as the skeleton of the grain. 
The former tnrns blue with iodine alone, tho latter only after treat- 
ment with strong sulphuric acid. When boiled with water or wjien 
treated with potash, the grains swell enormously and form a paste. 
The substance of the starch-grains is always disposed in layers round 
a centre, the hilum, and this disposition in layers, as in the case of 
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cell-walls, is the result of the regular alternation of dense layers 
with more watery layers. The hilum is the most watery portion of 
• tlie who^e grain. From their first appefirance the starch-grains art 
firm, solid bodies. So long as they continue to grow, they are al- 
ways connected with the protoplasm of the cell ; it is only at a later 
stage that they lie free in ^ yj - 

the cavity of the cell. Their 
growth dhes not proceed by 
the deposition of now layers 
upon the exterior, but by the 
intercalation of new particles ^ 

of solid matter between those 
which already exist. Besides 
the simple grains (Fig. 32 A), | 

compound grains occur, which jj 
are formed by the develop- 
raent of now hila in an or- 
dinary grain, each with its 
own system of layers (Fig. 

32 B). If, in such a case, the E 

external layers which enclose 
the whole mass are of con- 
siderable thickness, the grain 
is said to be semi-compound 
(Fig. 32 B), By pressure 
the compound grains may bo 

33. — Starcli-ffrains from tlio tuber of u 

spilt up into their component ^ simple gn.in ; a 

granules. The so-called spu- partially compound grain ; C I) perfectly com- 

riously-compound grains are 

^ ^ which has divided : a a very young gram, t an 

very similar to these ; they older grain, o a bUII older grain with divided 
consist of several grains which (Copied from sachH.) 

have become adherent in consequence of mutual pressure ; they 
occur frequently in chlorophyll-corpuscles' (Fig. 31). Starch- 
grains are fo^iied in plants to be subsequently consumed in the 
processes of growth and of nutrition ; they are frequently stored for 
a long time in certain organs, as in seeds, roots, and tubers, and 
when they are required for consumption on germination or on a 
renewal of the growth of the plant, they are absorbed. The 
forms of the starch-grains are characteristic in different kinds of 
plants ; thus those of the Pecato (Fig. 32) are eccentrically oval, 
those of leguminous plants (Fig. 29) concentrically oval, those of 
Rye, "Wheat, and Barley lenticular. 
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§ 18. Crystals (see also p. 31) are frequently found in the cells 
of plants : they sometimes consist of calcium carbonate ; for example, 
the crystals in the protoplasm of Myxomycetes and the crystalline, 
deposit in the cell- walls of certain Urticeas. In these plants there is 
g’enerally a peculiar club-shaped ingrowth of the cell- wall of certain 
cells which projects into the interior of the cell, in which the cal- 
cium carbonate is deposited : these are called Cystoliths. All the 
other crystals hitherto recognised consist of calcium oxalttte, which 
crystallises in two systems according to the proportion of water 
which it contains; to the one system, the quadratic, belong the 
octahedra (Fig. 33 /<:), to tlio other, the clinorhombic, belong the 
acicular crystals, whicli are called Tlapliides^ and which occur, united 



Fie. 33.— Crystals of calcium oxalate in the cells of the petiole of a Bc^ronia ( x 200). 
fc Solitary crystals ; dr cluster. 


into large bundles, particularly in Monocotyledons. Besides well- 
formed solitary crystals, aggregations of them also frequently ocenr. 
These crystals are formed in the protoplasm, from which they sub- 
sequently find their way into the cell-sap (Fig. 33), as well as in the 
cell-wall, particularly in the wood of Conifers (Fig. ^4) ; and also 
ill Lichens, on the free outer surface of the cell- wall. 

§ 19. The cell-sap saturates the cell- wall, the protoplasm^ and 
the whole organic structure of the cell ; it usually also collects in 
the interior of the protoplasm so as to form vacuoles or a single 
/arge sap-cavity. It is a watery solution of various substancjes; 
salts are never absent from it ; in certain cells of many plants (ao 
the Sugar-cane, the Maple, and the Beet-root) it contains largo 
^nantities of cane-sugar, ^hich can be extracted from it by a r«- 
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fining process; in the cells o£ many kinds of fruits, as the grape and 
others, it contains grape-sugar. Besides these substances, tannin 
.and inulin occur, as 'vvell as acids, such as malic acid in the apple 
and other fruits, citric acid in lemons, etc. It also contains the 
v'olouring-mfitters of most red and blue flowers (Er^^throphyll ana 
Anthocyanin), and of many fruits, as the clierry and elder bcriy, 
with many other subst.ances. 

§ 20. •The Development of 
Cells always takes place in such 
wise that the whole or part of the 
protoplasm of a cell already existing, 
ilie motlier~cell^ undergoes re-arrange- 
ment. The following are the prin- 
cipal modes of cell-formation : 

I. Cell-division, The protoplasm 
of the mother- cell separates into two 
or more parts,’ each of which consti- 
tutes a new cell. The division of 
the protoplasm is usually preceded 
by that of the nucleus. 

Ca55es in which tho protoplasm has been 
observed to divide before tho nucleus occur 
in the development of the spores of An- 
thoceros and of the macrospores of Isoctes, 

In the simplest case of cell-division 
the nucleus divides into two, tho 
protoplasm docs the same, and a 
cell-wall is formed in the piano of 
division. In other cjises the secondary nuclei and tlicir investing 
protoplasm may again divide before any cell-wall is formed. 
Finally, the formation of a cell- wall may bo postponed until the 
division of the nuclei and of tho protoplasm has been repeated an 
indefinite number of times. The varieties of cell-division which 
thus arise ma^ be arranged as follows : 

1. In growing vegetative organs, a division of tho cell takes 
place, such that the whole of its protoplasm, witho t any rounding- 
off or contraction, is divided into two parts: the new wall is formed 
between the two masses of protoplasm only along the plfino of divi- 
sion (Fig. 35). The wall is sometimes formed simultaneously at all 
points of the plane of division, as in the development of stomatta 
and sometimes, as in certain Algoe, e.^., Spirogyra, it grows as a 
ring from without inwards. 



Fig. 35. Cell-division in tlie cortex of 
the Krowinp stem of Vida Fahn ( x 300)i 
At a tho division has just taken iilaeo. 
tho nucleus 1c still adheres to the now 
wall ; at b it has retreated to the older 
wall. 
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2. The formation of the cells which subserve reproduction (see 
§ 55) is always accompanied by a rounding-off of the protoplasm, 
which takes place either before or during the formation of^the new 
wall. In this case the wall is always formed over the whole'^ surf. ace 
of the young cells, though this often occurs somewhat late. 

a. The whole protoplasmic contents of the mother-cell may be- 
come aggregated around four newly- formed nuclei ; this procesfc 
occurs principally in the formation of the pollen of phanf^rogamout 
plants (Fig. 36), and in the formation of the spores of Mosses and 
Vascular Cryptogams. The details of this process are not the same 
in all cases. In some (development of the pollen-grains of !Mono- 




Fio. S6.— Division of tl.e mother-cells of the ftollen- 
rains of AUhaa ronea. At A and B the division of the 
protoplasm into four has begun ; in D the in-growth 
^of the membrane is far advanced, and in E the walLs 
are complete. (After Sachs.) 



Fio. 37.— Rejuvenescence as ex- 
hibited in the formation of tlie 
swarm-spores of CEdogonium. A 
Portion of a filament ; in the lowei 
cell the protoplasm is begin- 
ning to contract, in the upper the 
young primordial cell is escaping 
(Z). B A swarm-spore. 0 The be- 
ginning of germination (x 350). 


cotyledons and of the microspores of Isoctes) the nucleus of the 
mother-cell divides into two, and this is followed by a corresponding 
division of the protoplasm, a cellulose wall being formed between 
the two cells. Each of these now divides in the s<ame manner, in a 
plane at right angles to that of the first division, and thus the foui 
special mother-cells are produced lying in one plane. In other 
cases (development of the pollen-grains of Dicotyledons, of the spores 
of Mosses, Ferns, and Equisetums) the nucleus of the mother-cell 
divides into two, and each of these secondary nuclei divides ag.ain 
into two, the divisions taking place in planes at right angles to each 
other and to that of the first division ; as a conscqnence, the four 
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nuclei do not lie in one plane, bnt are arranged tetrahedrally. Cell- 
walls are now formed, so that four special mother-cells are produced. 
In the case of the pollen-grains of Dicotyledons, the wall of the 
primary mother-cell thickens and grows inwards at certain points 
(Fig. 36 D) so as to constrict the protoplasm somewhat, and the 
newly-formed walls become attached to these projections. In all 



Fio. 38.— Zoosporanprfa of an Adilya 
(x 650). A Still closed. B Allowing 
the zoospores to escape, beneath it a 
lateral shoot c;^a the zoospores just 
escaped ; h the abandoned membranes 
of the zoospores which have already 
Rwarmed ; e swarming zoospores. 
(Copied from Sachs.) 



Pio. 39.— Cell-formation in the asci of PetUa 
convexula. af Successive steps in the develop- 
ment of the asci and spores. (After Sachs. 
X 650.) 


cases each of the four special mother-cells surrounds itself with a 
proper wall which becomes the coat of the pollen-grain or of the spore. 

h. The number of the nuclei derived by repeated division from the 
nucleus of the mother-cell before any cell- wall is formed is indefinite. 
Rach of them becomes surrounded by a portion of the protoplasm. 



40 


FAR T II. — THE ANATOM IT Of PLANTS. 


[§•^0 

It is in tliis way that the zoospores of many Algae and Fungi are < 
formed (Fig. 38), and it is usually not until some time after their 
escape from the mother-cell that they become clothed witl; a cell • 
wall. The spores formed in the asci and sporangia of Fungi (Fig. 
39) are also developed in this way, but in this case the cells are always 
invested by a cell- wall before they are set free from the mother-cell. 
A further example of this is to be found in the development of the 
endosperm-cells in the embryo-sacs of phanerogamous plafits. 

This mode of cell-forraation ia known as free celUformation^ but the sense in 
which tills expression is now used is very different from that in which it was 
originally employed. It was supposed that, in those cases, the secondary nuclei 
were formed de novo^ but recent researches have shown that they are developed 
in the manner described above. 


II. Rejuvenescence, The whole protoplasm of the mother-cell may 
undergo rejuvenescence, when it contracts and reconstitutes itself as 



Fio. 40.— Conjiipation of the cells of Spirogyrafx 400). A The cells of two fllnmenta 
which are prepared for conjurratioii. At a the lilaments have be^un to swell towards each 
other. The spiral band.s of cliloroj)h 3 'll are recognisable at cl, and the nncleiis at K. At Ji 
the protophism of the cell p is fusing with that of the other p\ At C is a perfectly-formed 
Zygospore Z. 

the new protoplasmic body of a daughter-cell, which subsequently 
surrounds itself with a new membrane. It is in this manner that 
the single swarm-spores of many Alga) are formed, as in Vaucheria, 
Stigeoclonium, (Edogonium (Fig. 37), as well as the oospheres of 
Cryptogams. 

III. Conjugation. In conjugation the protoplasmip contents of 
two or more cells coalesce to form a new cell, which acquires a 
membrane. This process occurs in a typical manner in various 
ginups of Algte, e.r/., Spirogyra (Fig. 40), and of Fungi. 

I'ho formation of new cells docs not therefore necessarily imply 
an increase in number; this is the case only when division into two, 
four or many cells occurs; in the process of rejuvenescence tbo 
uumber is unaltered, and in conjugation it is a.'itually diminishea. 
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§ 21. Those combinations of cells are designated Tissues which 
are governed by a common law of growth. According to their 
arrangement in space, the following combinations of cells may bo 
distijignilhed : 

A. Filamenfs, where the cells are connected only by their con- 
tignons ends, and so form a filament, e.y., many Algm, as Spirogyra 
(Fig. 40), OiJdogoniiTm (Fig. 37), and many hairs (Fig. 62 a d). 

B. Surfaces, when the cells form a single layer and are in contact 
in two directions of space (length and breadth), c,g,, many Algw 
and the leaves of many Mosses. 

C. Masses, when the cells are in contact on all sides 

The tissues commonly consist of cells which have originated from 
common mother-cells by their repeated division into two, and which 
have been connected from the first in consequence of the mode of 
formation of the septa (Fig. 35). In a few special cases tissues 
are formed otherwise (spurious ilssim) ; either cells which have 
been hitherto isolated become adherent and then continue their 
growth in common, or filaments consisting of rows of cells beconuj 
interwoven and exhibit a common 
growth, without however having 
become adherent in every case 
(Fig. 39 sh). 

§ 22. The Common Wall of 

cells combined into a tissue is, in the 
first instance, usually extremely thin 
and delicate, and appears under the 
strongest magnifjnng power as a 
simple plate (Fig. 35)- As it in- 
creases in thickness a middle lamella 

, . . Fio. 41.— Trnnaverflo eection tKo 

usually beCOjneS visible (llg. 41), corticnl cclla of Trichomanes siiucio^i^tm 



which divides the wall into two (X 600). Middle lamella (m).- itthf 


parts, one of which apparently be- 
longs to each of the contiguous cells. 
This middle lamella is nothing more 


cell-wall adjoining the lamella; I ccK 
cavity ; t bordered-pits which meet in 
ad^joining cells; the pits on each side are 
divided by the middle lamella. 


shan a specially differentiated part of the wall which belongs to 
both of the cells in common. Its chemical composition, which is 


different to that of the remainder of the wall, permits of its 
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solution (in nitric acid and chlorate of potash), so that the in- 
dividual cells may be separated. When the common wall of similar 
cells is pitted, the pits on each side accurately meet (Fig. 41 0 5 
however, certain cells of a tissue undergo a special modification, 
as in the vessels, the uxequal thickening of the membrane is 
confined to one side only of the common wall ; in the case of spiral 
thickening of the cell-wall this is self-evident. 

The bordered-pits, which are characteristic of the woc^J-cells of 
Conifers, demand special description. The membrane which 
separates the cavities of the pits does not lie in the centre as a 
continuation of the cell-wall, but inclines to one side or the other, 

ft 

and lies over one of the canals (Fig. 42 B s) : there is thus a 
lenticular cavity in the wall which opens freely into one of the 
two cells, but is shut off from the other : 
^ ^ the membrane is so delicate that its 

^ P presence may easily be overlooked. The 

jl 1 1 \ formation of a bordered- pit is effected by 

J thickening of the cell- wall round a 

small area which remains thin (the per- 
lif sistent membrane), the middle lamella 

Pj^ being prolonged so as to surround the 
I Sta cavity of the pit (Fig. 42 B m), 

i \ certain cases the septa between the 

^ " B cavities of adjacent cells become wholly 

g II ' ^ or partly absorbed, as, for instance, oc- 

KiQ.42.-Bo^(lerec^l)ltsontlle partition between 

aroody fibres of the Pine ;ii seen bordcred-pits ; the transverse walls of 

^he middle lamella j Can earlier are wholly absorbed, if they lie at a right 

stage, m section ; t the com- angle to the long axis of the vessel (Fig. 
mencing pit (x 600, diagram). ,v , v C5 

23 G ah); if they lie obliquely, they are 
broken through in various ways. In a similar manner the trans- 
verse septa (and more rarely isolated areas on the longitudinal wall 
also) of the sieve-tubes (§ 25, Fig. 47 B) are perforated by closely - 
set and very fine open pits, and are then known as sieve-plates. 

The thin part of the wall which separates the pit of a vessel 
from a contiguous living cell may frequently recommence its 
gi’owth, and protrude into the cavity of the vessel. Cells which 
thus grow into neighbouring vessels are termed iiillen : they may 
subsequently undergo division so as to fill up the whole vessel. 
They occur commonly in wood. 
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Such cavities as have thus originated by tlie absorption of cell- 
walls and the consequent coalescence of two cells, and which con- 
tinue to be surrounded by the walls of the original cells, are com - 
monly called Cfdl-fusions, They are usually tubular, and are formed 
by the absorption of the transverse septa throughout whole rows of 
cells. They are not unfrequently branched, and they may anas- 
tomose. The true vessels of plants, as well as the laticiferous 
vessels, are examples of cell-fusions. 

§ 23. Intercellular Spaces are lacunoB between the cells of a 
tissue. They may be formed in two ways, either by a splitting of 
the common wall of adjacent cells, or by the disorganization of 


certain cells. They 
contain either air or 
certain peculiar sub- 
stances. 

The intercellular 
spaces which contain 
air are usually formed 
in consequence of the 
splitting of the com- 
mon wall of adjacent 
cells (Fig. 43 z). They 
occur almost exclu- 
sively between the 



Fio. 43. — Tnforccllnlar spaces («) between cells frnm thi 
stcih of Zea Mats (x 650); gw the common wall. (Afte 


thin- walled cells of Sachs.) 


succulent parenchyma, and usually at the angles of junction of a 
number of cells. Sometimes these spaces — then called air-chambers 
— attain a considerable size, so that whole masses of tissue are 
separated from each other, as in the petioles of the Water Lily 
and of other aquatic plants. The cells which border upon these 
cavities often throw out protuberances into them (also in Aspidium) 
which are known as “ internal hairs.” 


The large cavities in the stems and leaves of Juncus and of other 
allied plants, are produced by the disorganization (i.e., tlie drying- 
up and rupfiire) of considerable masses of cells : this is true also 
with reference to the cavities extending through whole internodes 
of many herbaceous stems (Grasses, UmbellifercD, Equisetacese), 
and those occurring in leaves (Leek). 

Tlie intercellular spaces which contain certain peculiar substances 
will be treated of in § 28. 

§ 24. Forms and Systems of Tissue. There are usually 
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in plants nnmerous similar cells which clifTer from those that 

uniTound them, and w'hich . are combined so as to constitute a 

distinct form of tissue, characterized hy those properties wjiich th<», 

cells possess in common. According to 

! j! -I I jj I ! the form and relative position of the cells, 

; ! ; I II! forms of tissue may be distinguished : 

) , I j I I ij i I luireuclnjma (Figs. 22, 29, 33, 43), in 

In 1 It If if > /i 4 which the cells ai-e not much longer than 

^ /i i •'! f //' I I In IIV broad, the surfaces along which 

' I I ' 7 1/ y r/ 7 1/ \ tlicy arc in contact being relatively broad ; 

; !/ i/ I / j M prosencliipna (Fig. 44 and section Fig. 41), 

; j 1 j| I I in which tlie cells are much longer than 

i i .1 !l i 1 I II I 1 they are wide, and their ends overlap. 

Kio. 4k— rrosonebymatons When the walls of the cells are much 

tisMue, longitudinal section (dia- thickened, tlio tissue is Called scleren- 
gram, magnified), tbe pointed 

ends of the elongated cells fit in chyma (scc p. 58) ; this may bo either 
between each otiier. parcnchymatous or prosencliymatous, ac- 

cording to the form of the cells. When all the cells of a tissue have 
ceased to divide and have assumed their cloliiiite form, it is called 
permanent tissue. A tissue in which, on the contrary, the cells arc 

still dividing, that is, that cer- 
tain daughter-cells continue to 
divide and subdivide whilst the 
others are being converted into 
permanent tissue, is called a 
!" ! generating tissue or meristem. 

enumeration here given 
includes the most import- 
Q-nt forms of tissue ;• many other 
technical terms will be made 
i describing the tissues, 

as circumstances may require. 

When several different tissues 
occur in one plant, as in vascular 
/• plants in general, they are ar- 

Fio. 45.— The three syeteme of tissue in a ranged into systems of tissues 
cross sectiou of the petiole of Hellebonis i • i. xi. X i i 

(x20). . epidermis i,fun.)«mentaltl..«ej COmpOSe the whole 

/■flbro vascular eystem; Of xylem; csoft-bast; plant; their arrangement bears 
ibast-flbres. ^ i.x- _ x. xi 




of the plant in which they occur. 


plant; their arrangement bears 
a definite relation to the member 
Three such systems of tissues 


are usually mot with: (1) tho epidermal, which covers the exterior 
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^ of the plant, and usually consists of a single layer of cells (Fig. 
15 e) ; (2) the Jibro-vascular (Fig. 45/), which traverses tlie bod\ 
of the plant in the form of bundles, and is characterized by the 
presence of si eve- tubes, vessels and of fibrous proscnchymatous 
cells ; and (3) the fundamental tisaue, which fills up the rest of the 
space (Fig. 45 g), and consists principally of parenchyma. 

The same form of tissue ihay occur in various tissue-systems- 
thus both parenchyma and prosenchyma occur in all three tissue- 
systems, and there is no difficulty in recognising to which one 
they belong in each case. Certain tissues and peculiar cells — 
for instance, such as serve as receptacles for various substances, 
secretions, etc. — when they occur in the two internal tissue-systems, 
have so much in common that it may bo expedient to consider them 
by themselves. 

§ 25. The Fibro-vascular System extends throughout ihe 
body of the higher plants in the form of strands or bands of tissue 
which are culled fbro-vascular bundles. When the cells which com- 
pose them are lignified, and are harder than those of the funda- 
mental tissue, as is usually the case, they may be easily separateil 
from it ; for instance, if the leaf-stalk of the Plantain {Tlanlagt* 
major) be broken across, the bundles project as tolerably thick- 
threads from the fundamental tissue, and by the decay of this 
tissue they may be wholly freed from it. They form the venation 
of leaves, and when the leaves decay they persist as a skeleton. 
In many water-plants, however, the tissue of tlio fibro-vascular 
bundles is softer than the surrounding tissues. In many cases the 
fibro-vascular bundles are so closely packed, and they become so 
strongly developed in consequence of tlie continued increase of their 
tissue, that very little of the fundamental tissue remains in the 
compact mass which they form. The wood of trees, including tlfe 
bast, is an instance of such a fibro-vascular mass. 

The arrangement and the course of the fibro-vascular bundle? 
are intimately connected with the morphology of the plant, and 
^ ith the differentiation of its members. In most leaves the fibro- 
vascular bundles lie in those projections of tissue which are known 
as veins. In the petiole and stem, and generally in all organs 
which grow especially in length, the fibro-vascular bundles run 
longitudinally ; thus a transverse section of a stem or petiole (Fig. 
45) exliibits transverse sections also of its fibro-vascular bundles 
The bundles of the leaf and stem are so closely connected that even 
at the first development '^f t.hf' leaf at the apex of the stem, the upper 
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end of eacli bundle bonds outwards into a leaf, while the lower portion 
^-rTTT^ continued downwards 

I ^ m ^ stepi and , 

I * M f A F coalesces with' older 

I "TT bundles. Thus the 

I I fibro-vasciilar bundles 

S. I K X\ traversing the stem 

be rcgnrded as 

II f Bi \ being merely the lower 

2 r/t^, II I M- portions of those which 

v8 fl 1 & s come from the leaves — 

I y BRl ^1^ as lenf-iraces^ and the 

1 ! ^ Wf 'w^hole bundle is said to 

1 1 1 \ 1 ' I be com mon to both 

II f \1 Ht icaf and stem). The 

III \ B course of these bundles 

nl / V /r stem is very 

/ B' various ; it may in 

//// 1 \1 / '\ general be referred to 

III/ 1 -11 three types, 

A I ' which are, however, 

connected by interme- 
B diate forms ; 

Fro ♦«.— Dia^TraTn of the coaree ot the ubro-vasculnr t-. 

hiiiullea ill atems. A Jjonjjitudinal section through the v-^v DUnales 

axis of a Palm-stem, showing a transverse section of half coming from the leaves 
of it. The leaves ('cut off above the insertion) are hypothe- •. 

tically conceived of os distichous and amplexicanl, and so form a Single 

are seen on both sides of the stem, ml w2 m3 being the axial bundle, which 
median line of eaeh B Onteide view end transverse into the 

section of Cernstiuin (b.vpothctically transparent to show 

the internal bundles). The decussate leaves are ent off. stem (this • type OCCUrs 

The bundle proceeding from each leaf divides into two rarely in certain 

above the leaf immediately below it, and the branches of i 

all the bundles unite to form the four thin bundles which water-plants and a few 

alternate in the section with the thicker ones. In the Ferns). 

section, m is the pith, r the cortex, v the medullary ray. v * 

The xylem in the fihro-vascular bundles is indicated by v^v -^be bnnales 
ibading. coming from each leaf 

are numerous : on entering the stem side by side, they tend towards 
the middle of the stem ; then they bend outwards and thin out 
gradually as they descend, coalescing at a point much lower down 
(Fig. 46 J). In the transverse section of such a stem, the fibro- 
vascular bundles appear irregularly arranged ; those nearest the 
centre are the thickest. This arrangement prevails among the 
Monocotyledcma, particularly the Palms. 
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(3.) The bundles of each leaf, which are less numerous than in 
the foregoing type, bend downwards soon after they have entered 
the stem^ and run down the stem parallel to each other at about an 
equal distance from the axis, branching and anastomosing par- 
ticularly at the nodes (Fig. 46 B), The transverse section of 
such a stem exhibits the bundles arranged in a circle more or 
less nearly concentric with the circumference, and dividing tlie 
fundameij;al tissue into two portions : the inner, included within 
the circle of fibro- vascular bundles, is the pith or imihdln (Fig. 
46 B m ) ; and the outer, lying between this circle and the epidermis, 
the cortex (Fig. 46 B r). Those portions of the fundamental tissim 
which lie between the fibro-vascular bundles in the circle, and 
which therefore connect the pith and the cortex, are called the 
medullary rays. This arrangement occurs principally in Dicoty- 
ledons and Oymnosperms. 

Bundles which belong exclusively to the stem arc termed canline 
bundles; they are such bundles Jis cannot be regarded as direct 
prolongations of those of the leaves. They are present in the 
Ferns and the Rhizocarps, in the Lycopodiea), and in Selaginella; 
but they occur only rarely in Phanerogams, and then in aquatic 
plants, such as Hippuris, Callitriche, Myriopliyllum, Elodea, 
Naias. 

Roots differ so widely from stems and leaves in the structure 
and arrangement of their fibro- vascular bundles, that the con- 
sideration of them must be postponed for the present. 

A well-developed fibro-vascular bundle consists of two kinds of 
permanent tissue; the Xylem or Wood and the Fhloem or Bast. 
Excepting when sj^ecial circumstances give rise to other conditions, 
the walls of the wood-cells tend to become lignified and their 
cavities to be filled with air: these cells constitute the firm but 
brittle portion of the bundle. In the phloem there is a tendency 
to the formation of softer and more flexible cell- walls, which are 
but slightly lignified, and the cells retain their sap. Those fibro- 
vascular bundles which consist only of these two forms of tissue 
are incapable of any further growth, and are said to be closed; 
whereas those which possess in addition a layer of generating-tissue 
(meristom), the Gamhium, throughout their whole length, which, 
by the active growth and division of its cells, increases the bulk 
of the xylem and of the phloem between which it lies, are said 
to be open. 

The xylem (wood) of a fibro-vascular bundle (so long a.«i it 
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has nofc been added to by the activity of the cambinm) consists of 
the three following elements : 

(1.) True vessels (trachece, ducts) : they are formed from^rows of 
superimposed cells, the triinsversG walls of which have been more 
or less absorbed. According to the mode in which their longi- 
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pi: 




Fio. 4>7,—A. Tranaverso aectibn of an open flbro-vaacniar bundle in tbe atem of the 
Bunllower. MPith. ZXylem. C Cambium. P Phlo«m. B Cortex ; f-amall, and «' lar^'e 
apiral vosaols ; t pitted zesaela ; P pitted vessels in course of formation; A wood-fibres; ^6 
sieve-tubes ; h bast-fibres ; e bundle-sheath ; <o inter-fascicular cambium. B Radial vorUcai 
section through a similar bundle (somewhat simplified) lettered like tbe former. 

tndinal walls have been thickened, they are distingnished as spiral, 
reticulate, annular, scalariform, or pitted vessels (Fig. 47 B # *' and 
Pig. 25 s) (Fig. 47 B < and Fig. 23 0) : their contents are air or 
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(2.) Much lengthened, narrow, prosenchymatous cells ; the wootV 
cells or fibres (Fig. 47 B h and Fig. 23 B), 

(3.) Parenchymatous cells, forming the wood-parenchyma^ and 
still containing protoplasm ; frequently they are wanting. 

The bast in like manner consists of : 



Pro. 48.— Transverso section of a closed fibro-vascular bundle from the stem of Zea Maia 
(x 650); a outer, i inner side with reference to the axis of the stem; p pnienchyniatous 
ground-tissue; gjjrtwo large pitted vessels; s spiral vessel; r ring of an annular vessel; 
1 air-space formed by rupture, surrounded by thin-walled wood-cells. Between the two 
vessels g g lie smaller reticulated vessels and vessels with bordered-pits. These elements 
constitute the xylem : the phlo5m is composed of soft bast, v. The whole bundle is sur- 
rounded by a sheath of thick-walled, lignified, prosenchymatous cells belonging to the 
c^round-tisBue. (After Sachs.) 


(1.) Vascular elements, the sieve-tubes^ which have thin side- 
walls, but thick transverse septa, perforated by closely-set, open 
canals ; they are filled with albuminous substances (Fig. 47 B sh). 
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(2.) Prosen.oliymatous elements, the host-fibres, which are often 
long and much thickened, but flexible. 

(3.) Elongated, prismatic, thin- walled colls (Phloem parenchyma): 
these cells remain in the primitive condition in which "ail the 
cells of the phloem originally were : they are also termed cambi- 
form, and, together with the sieve- tubes, are known as soft hast, in 
contradistinction to the thick- walled bast-iibres, the hard bast 

These dilferent kinds of cells are more or less fully represented 
in a section of a fibre- vascular bundle, their proportional number 
varying with the part from which the section is taken, and with the 
nature of the plant. 

By far the most frequent arrangement is, that the xylem and the 
phloem in each bundle lie one behind the other on same radius, the 
xylem being nearer to the centre of the stem, while the phloihn lies 
towards the periphery (Figs. 45, 47, 48, 50). This is the case 
1 ) 0 til 'when the bundles form a circle and when they are scattered, 
when they are open and when they are closed. As the bundles 
bend outwards into the leaves without any twisting, and are distri- 
buted in one plane, the phloem of the bundles lies towards the 
under surface of the leaf and the xylem towards the upper surface. 
Exceptions to these relations are found in cylindrical leaves and in 
many petioles, in which the twisting of some of the bi^ndles gives 
rise to an arrangement similar to, but sometimes more complicated 
than, that of the stem. In open bundles the cambium lies between 
the xylem and the phloem. The annular and spiral vessels always 
form the innermost portion of the xylem towards the centre of 
the stem; and the outer portion, towards the phloem, consists of 
reticulated and pitted vessels, which are the lai’gest of all the 
elements of the xylem. The grouping of these vessels as regards 
cflch other, the woody fibres, and the parenchyma cells, is ex- 
tremely various ; those shown in Figs. 47 and 48 are only some 
examples. The innermost annular and spiral vessels are the first 
formed in each fibre- vascular bundle, and already exist before the 
contiguous portion of the stem has attained its definitive length ; 
they grow with its growth, and, since they cannot ‘tindergo any 
further transverse division like the other elements of the bundle 
which are as yet undifferentiated, they consist of the longest cells. 
In the phloem the bast-fibres usually lie nearest to the periphery, 
and the sieve-tubes, which are generally conspicuous by their larger 
apertures (in transverse section), are scattered in the soft bast 
^Figs. 47 and 48). 
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The following deviations this, which is the jammonest ar- 
rangement (the collateral) of /‘ae phloem and xyleiu, as well as of 
.their constituents, may be mentioned: 

In many plants, e.cj.^ Gourds and Lyciuni, a second layer of 
phloem is found within the xylem : in most Ferns the phloem com- 
oletely encloses the xylem, forming a ring (ro)i€fndrlc arramjement)^ 
and several groups of spiral vessels lio witliin the xylem, from 
which tl«) development of the xylem 

proceeds. B \ ^ 

The iibro-vascnlar bundles of the h 
root differ most widely from the 
structure above described. It is, in 
fact, impossible to speak of separate 
bundles in the root ; a cylindrical mass 
of fibro- vascular bundles, sometimes 
hollow and containing a pith, occupies 
the axis of the root (Fig. 20). In 
this, several xylem bundles are regu- 
larly distributed (Fig. 49 A //), and 
alternating radially with them lio an T 

equal number of phloem bundles (Fig. 

4!9 Ah), In Dicotyledons the number ^ \ 

of these bundles is small, usually 2, 3, k ^ \ 

or 4, rarely 5 to 8; in the Monocoty- I I 

ledons it is usually larger. In each y j 

xylem bundle the spiral vessels, which 

are here the oldest constituents, lie ... 

Fio. 4f).— TranRverso section of n 

nearest to the periphery. The ex- joung rooi ot vhamdm muitiflorusi 
ternal layer of the jrcorticalfimilaincntiilti.ssiio;mpith; 

, . f flbro-vascular cylinder ; y prim>#y 

cylinder is known as WiQ 'pevicaniblV/W^ cylcm bandies; h primary phlodni 

and remains for a long period capable b Trans verso .seci ion of an 

of development and growth. Iho , i„cre.«taK in thiokn™,: i' second, 
rudiments of tho lateral roots are ary bast; /c cork— sUghCly magnified, 
usually forn^d from this pericam- 

bium in Plianerogams, exactly opposite to the xylem bundles 
(except in Grasses and Umbollifers), but in Cryptogams (except 
Equisetnm) from cells of the endodermis ; thus, irrespectively of 
the adventitious roots which are formed later, there are as many 
rows of lateral roots on a main root as there are xylem bundles 
in the fibro-vascular mass. The lateral roots, in the course of 
their development, have to penetrate the cortex of the mother-rQ/)t 
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see p. 23, Fig. 20) : tlicir fibre- vascular bundles are in direct 
connection with those of the mother-root. 

§ 26. The Growth in Thickness of the stem and roots is^ 
effected in most Gymiiosporms and Dicotyledons by the continuous 
activity of the cambium of tlieir open bundles. These are arranged 
in a circle in a transverse section of the stem (Fig. 60 A) ; the com- 
mencement of growth in thickness is preceded by tangential divisions 
in the fundamental tissue (Fig. 4? A ic) which lies between the 
bundles; this gives rise to cambium which becomes continuous 
with that of the fibro-vascular bundles. A closed hollow cylinder is 
thus formed, which appears, in a transverse section, as a ring, the 
cambium-rmg (Fig. 50 B c) completely separating the pith from 
the cortex ; it consists of two portions corresponding to its mode of 



Fio. SO.^Dia'rranimatic transverse sections of a stem 


origin ; fascicular cam* 
biuni, t.e., the cambium 
belonging to the fibro- 
vascular bundles, and 
the inter*fascicular cam* 
bium, i.e,j that which is 
formed between the 
bundles in the primary 


which KTOvvB in thickness. A Very young: there are five medullary rayS. 


isolated bundles; m pith; r cortex; V primary bast; ^ cambium-rin<y is 
h} primary wood ; c cambium. B After growth in thick- ^ ‘ ^ 

ness has commenced : li* secondary wood ; d* secondary likewise formed in 


bast. 


roots which increase in 


thickness ; the cells which lie between the individual xylern-bundles 
and internally to each phloem-bundle are transformed into cam- 
bium-cells by division, and the separate groups of these cells be- 
come connected externally to the xylem-bundles. Thus a ring is 
formed which lies outside the primary xylem-bundles and inside 
the primary phloem-bundles (Fig. 49 B). 

The cells of the cambium-ring, in the stem and root alike, con- 
stantly undergo both tangential and radial division, so that the 
number of the cells increases in the radial direction as well as in 
the circumferential : the growth of these cells produces an exten- 
sion of the organ in both these directions. Of the cells thus 
formed, those lying on the inner side of the cambium are trans- 
formed into the elements of the wood (Pig. 50 B those on the 
outer side, into the elements of the bast, while the cells of the 
intermediate zone continue to be capable of dividing. The activity 
of the cambium thus gives rise to secondary wood and secondary 
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bast, as distinguished from the primary constituents of the bundle, 
which existed previously to, and ' independently of, the activity of 
, the cambium. The primary wood of the bundle is thus the inner- 
most part of it, and usually projects into the pith, particularly 
when the primary bundles lie rather far apart; it then consti- 
tutes what is termed the medullary sheath 
(Fig. 50 B and 52 m s). 

The dements composing the secondary 
wood correspond in general with those ol 
the primary xylem, but they present ceidiiin 
peculiarities. First of all it may be ob- 
served that they are arranged in radial lines, 
at any rate in the first instance, because all 
the elements which have originated from a 
single cambium-cell lie on one radius. The 
cambium-cells are of an elongated form, anil 
are disposed somewhat proscnchymatously 
in such a way that their oblique septa are 
distinctly visible only in a tangential section, 
that is, in profile (Fig. 51 A), It is by the 
transformation of their daughter-cells, which 
exactly resemble the cambium-cells, that 
the different cells which compose the se- 
condary wood and bast are formed. The 
secondary wood of trees consists of the fol- 
lowing elements : 

( 1 .) Of Vessels, which are u sually provid cil 
with pits (frequently bordered-pits) on their 
longitudinal walls ; their diameter is greater 
than that of the other elements, their con- 
stituent cells are usually of the same length 
as the cambium-cells. The transverse walls j? Traciauio E>ccn from out- 

are either wholly absorbed, or only perfo-' c Libriform fibre ; and 

^ ^ group of colls from tbo 

rated. In s^me wood, as that of the Liimo, wood-parenchyma seen in kcc- 
delicate spiral thickenings are found in ad- 
dition to the pits on the longitudinal walls : ““deration, 

they can be distinguished from true spiral vessels by the delicacy 
of their structure and by the fact that injury does not cause a 
separation of the spiral thickening from the wall. 

(2.) Of wood-fibres which are much elongated, almost always 
Longer than the cambium-cells, and their transverse septa arc more 
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oblique: the pointed ends of tlie individual colls alsogrov/ in between 
each other. The walls of the woody fibres are sometimes unpitted 
or have small slit-like pits (Fig. 51 0), llhriform fihves; sometimes 
they are pitted like the walls of the vessels (Fig. 51 B), tracheXdes; 
they are not perforated. 

(3.) Of Wood-^parcnclnjma which is formed by the repeated trans- 
verse division or the cfimbium-cells ; the parenchymatous cells 
produced from each cambium-cell form a group wdiich isf^ bounded 
by the oblique walls of the cambium-cell (Fig. 51 I>). The walls 
of the wood-parcnchyma-cells are thin, and bear large simple 
nits. 

With reference to the very varied disti'ibution of those different 
elements of libro-vascular bundles, it may be particularly noted 
that in all Conifers true vessels and woody parenchyma (apart 
from the resin-ducts, § 28) are wanting: the medullary sheath, 
the primary xylom, of course contains annular, spiral, and re- 
ticulated vessels, but the secondary wood of these trees consists 
solely of tracheides, the walls of which bear the peculiar bordered- 
pits described in § 22 (Fig. 42). 

In most trees and shrubs, and in the stems of the stronger her- 
baceous plants, the fibres generally form the greater part of the 
wood, and the vessels and woody parenchyma-cells are scattered 
among them. 

Succulent stem-structures which increase in thickness, e,g.j the 
tubers of the Potato, contain in the wood formed from the cambium 
nothing but thin- walled, juicy, parenchymatous cells traversed by a 
few solitary vessels. 

A transverse section of the wood of our timber-trees exhibits, 
even to the naked eye, a series of concentric layers known 
as* the annual rings. These layers result from the fact that 
the wood formed in the spring is differently constituted from 
that which is formed in the summer; since the external con- 
ditions on which this difference depends gradually change in the 
course of a year, and during the winter no wood is formed, it is 
easy to imagine that in the ring of wood wliich represents one 
year’s growth a gradual change of structure should be perceptible 
from within outwards, and that the limit between the ring of one 
year and that of another should be sharply defined. The anatom- 
ical cause of the distinctness of the annual rings is the same in all 
wood namely, that the last layers of the wood formed in a year are 
much compressed, and therefore have a very small radial dia- 
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meter (Fig. 53 w). In Conifers these layers are further distin- 
guished by the fact that the Ifepring-wood is formed of thin- 
walled cells (Fig. 53/) and the antumn-wood of thick- walled 
cells (Fig. 53 h). In foliage- trees the number and size of the 
vessels diminishes in each annual ring from its inner to its outer 
limit. When this takes place very gradually the eye cannot de- 
tect any conspicuous difference between the spring and autumn- 



Pio. 62.--rnrt of a traiisvorso flection of a 
twig of the Lime, four j-eurs old {slightly 
magnified): m pith; ms medullary sheath; x 
secondary wood; 1 2 3 4 four mmual rings; 
e cambium; p7i bast; pa primary mcdnllnry 
rays; h bast-fibres; pr primary cortex ; Ic cork. 
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Fio. 63.— Tronaverso section of Kir- 
wool at tho junction of two annual 
rings : ni a medullary ray— all tho other 
colls belong to the wood ;/ loose epring- 
wood; h dense mitnmn-wood; w the 
limit between the autumn-wood and 
tho spring-wood of tho folloNvitig year; 
between h and vj is tho flattened limit- 
ing layer ( x 260). 


wood (as in the wood of the Beech, Lime, ^laplc, jind Walnut) ; 
but some kinds of wood show a ring of conspicuously largo vessels 
in the spring-wood, while in the antnmn-wood there are numerous 
much smaller vessels (as in tho wood of the Oak, Elm, and 
Ash). 

Besides tlje elements which have been already considered, tho 
wood includes certain parenchymatous colls which are elongated in 
a radial direction and are known as tho medullary rays. These 
appear in a transverse section as radial stripes, in a radial section as 
radial hands of small height, and in a tangential section as elliptical 
groups of cells (Fig. 54), surrounded by the elongated elements of 
the wood; they consist of parenchymatous cells much elongated 
in the radial direction (Fig. 53 m), but very small in the tangential 
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and vertical directions. These medullary rays, like the constituents , 
of the wood, are developed from the cambium both towards the 

centre and towards the circumference,, 
so that each medullary ray runs from 
* the wood through tho cambium into 

T~ the bast. When once a group of cam- 
I ^ bium-cclls has begun to produce a me- 

^ — dullary ray, it continues to do so, and 

the greater the circumference attained 

Pio. 64.'-Dii\prraTnTnatic represen- ^ , 

intion of tho couraoof tijomeduiiarj by the wood, tliG greater IS the number 
ra.vs;asoi,Tncntcutoutofthewoo(i; points at wliicli tlie formation of 

face. T Tangential (external) sur medullary rays begins in tlie cambium, 
fiice of the wood; tho shaded por- and the greater the number of medullary 

tions arc the medullary rays. i , i j ii i rm 

rays winch penetrate the wood, those 

medullary rays which extend inwards to the pith and outwards to 
the primary cortex, those, naiiK;!}”, which existed at the beginning 
of the tliickening of the stem, ai’e termed primary. These increase 
radially, in some plants by means of tho Avliole of the inter-fas- 
cicular cambium, e,g., in the Clematis ; in others, on the contrary, 
by means of isolated portions of the intor-fascicular cambium, 
in the Hornbeam. Secondary medullary rays are such as are 
formed at a later stage, and do not therefore extend to the pith, but 
end blindly in the wood. When the medullary rays, or at any rate 
some of tlicm, are large, they arc easily detected by the naked eye, 
as in the wood of the Beech and Oak. 

The wood of many large timber trees frequently exhibits a strik- 
ing difference between the older internal portion of the wood, the 
heart- wood {durameii)^ and the younger outer portion known as the 
sap-wood {alhurntini). This arises from changes undergone in the 
course of years by the mature wood. The altered heart* wood 
always contains less water, has no starch in its parenchymatous 
cedis, nnd is often darker in colour, e.^., the Pine, Larch, and 
Oak. 

The secondary bast formed from tho cambium neyer attains so 
considerable a size as the wood; it consists of sieve-tubes, bast- 
fibres, and parenchymatous cells in varying order, very rarely 
showing any regularity ; sometimes the bast fibres are in layers, so 
that they can be removed in large connected sheets, as in the Lime. 
The formation of annual rings docs not take place. The medullary 
rays, as mentioned above, traverse the bast to an extent corre- 
sponding to their development in the wood. In many trees the cells 
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pf the medullary rays, and other cells also, in the bast, become 
sclerenchymatous ; for instance, in -the Beech, where they project 
from tl^p* surface of tho dry cortex which is in contact with the 
cambium, In tho form’ of sharp teeth. As tho cambium-ring is 
constantly increasing in circumference, the bast which surrounds it 
necessarily experiences considerable tension, particularly in tl)c 
outer portion. This tension naturally alTccts chiefly the paren- 
chymatouJP elements which are still capable of growth while the 
bast-fibres are no longer capable of any modification ; hence tho 
medullary rays are often scon to be much expanded towards the 
circumference (Fig. 52 pa). 

The tissues lying externally to the cambium arc generally spoken 
of collectively as “cortex” ; it will be well, thercrorc, to designate 
the bast which has been formed by the cambium secnjidary corfex^ 
in order to distinguish it from the 'primary cortex which lies exter- 
nally to it and belongs to the fundamental tissue. Tho cells of 
tho cambium-ring are rich in protoplasm and tear very readily, 
especially when they are actively growing and dividing; conse- 
quently the “cortex ” can be easily stripped from tho wood. 

Many woody plants, of which, however, only a few are indi- 
genous to this part of the world, depart from tho general type h(;re 
described both in tho origin and in tho mode of growth of their 
cambium-ring. The aborescent Liliaceie (Yucca and Draeiena) 
may be mentioned as being tho only Monocotyledons of which the 
steins increase in thickness. As the fibre- vascular bundles arc all 
closed, there is no cambium, and the increase in circumference is 
possible only by a now formation, in a zone of tho fundamental 
tissue, both of isolated, closed, libro- vascular bundles and of fresh 
fundamental tissue. ^ 

§ 27. The term Fundamental Tissue (ground- tissue) includes 
all the mass of tissue which does not form part of the libro- vascular 
bundles or of the epidermis (Fig. 24 y). Various forms of cells 
^nd of tissues occur in it, and those parts of it in particular which 
lie in iramediatp contact with other tissue-systems are frequently 
remarkable for peculiarities of structure. 

Those specially modified forms of fundamental tissue which occur 
in close connection with tho epidermis are included under the term 
Hypoderma. One form frequently occurs in the stems and leaf- 
stalks of dicotyledonous plants which is known as Collenchyma 
(Fig. 55 cl)i a tissue, the cells of which are narrow and elongated, 
with their walls thickened along the lines of contact, and capable of 
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swelling-np considerably. In other cases the elements of the hypoi 
derma are fibrous and selcreiieltymatous, as in the leaves of Conifers. 

Bundle - slicLith (Emlpdermis) . 
This name has been given to the 
single layer of cells (belonging to 
the fundamental tissue) which 
forms a common investment to 
the libro-vascular bundles in the 
stems of plants having an axial 
fibre- vascular cylinder, such as 
Hippuris and other aquatic plants, 
as well as in those of many with 
a normal arrangement of the 
bundles, such as certain Primu- 
lacea), Compositre, Cyperaceae, and 

F>«. fi5.-T.n.,.ve,sr.cction of tho leaf- sP^cies of Eqiiischim. In 

Htjiik of a Kuidcrniis (t) and the stcms of most Fcms and Some 

ooiionci,.Tm» ^i), tho opidormis-coiu are Equisetnms, as well as in the 
imifonnly Urekened on tho outer wall 

where they adjoin tho collencli 3 ’mn, but aro pctioles aild stcmS of SOine few 
thickened like thocoiienchymaatthean^des Phanerogams, each of the isolated 
where throe cells meet; these thickenings ^ i ji 

liave great capacity for swellinff; cW chlo. fibro- vascular bundles IS SUr- 
rophyll-corpiisclos; p parenchyma-cell j o rouildcd by a slieath (Fig. 47 e). 
cuticle ( X 560). (After Sachs.) tj. • • *11 x • x 

It IS invariably present in roots. 
The walls of these cells which are in contact are usually folded in 
a peculiar manner and aro cuticularised. 

External sheath. Tin's 
term is applied to such 
cells of the fundamental 
tissu e as surround fibro - 
vascular bundles and 
have undergone special 
modification. The closed 
bundles of Grasses (Fi^ 
48) and many Monoco- 
tyledons are surrounded 
by an investment consist* 
ing of several layers of 
prosenchymatoua cells. 

The rest of the funda- 
mental tissue, the coin- 



Pio. 66.— Transverge section of a Beech Leaf (x 350) 
eo epidermis of the upper surface; cu epidermis of thi 
undersurface; pa pallisade parenchyma; sp epongj 
parenchyma. 


elementary tissue^ consists (with the exception of tho proscnchyma- 
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{ous ground- tissue in the stems of Lyco[)oiliacece, etc ) of thin- walled 
succulent parenchyma with iiitei*cellnlar spaces : tlie cells may con- 
tain chljnpphyll- corpuscles, as in the case of leaves and of the 
cortex of stems, or the tissue may bo colourless, as in the interior 
r jf succulent stems, in roots, and in juicy fruits. 

The chlomphyl 1-con- 
taining ground-tissue of 
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leaves is visually of a 

different texture at the ^ 

two surfaces ^f the leaf ; 

faces differ somewhat in 

The tissue of the upper 
surface consists princi- 
pally of pareu^ 

cJiyrnttf that is, of narrow, 
elongated cells, arranged 

small intercellular spaces 

chyma of the under sur- 
face, on the contrary, the 

formed of cells which are -^T^V^l^frrVSr — 

irregularly arranged, and // ^ | 

are separated by large lim\A /\. 
intercellular spaces (Fig. 

The cells of the pith of 

ail die, as in Sambucus T-J,r^v 

(Elder), or at any rate Fio. 67. — ^TiaticifcronBvcBvels in tlic pliloPm of Scor- 

most of them do so. eonera hispanira, tanRCnti.'il Rcction. A Slij?liUy iniij,M»i. 

fled. B A siuaU porlion highly inagniflcd. (Al'lei 

Sdcrenclnjmatons cells Sachs.) 

occur in the most different parts of the fundjimcntal tissue ; they 
may be isolated, as, for instance, in the flesh of Pears and in the 
cortical parenchyma of many trees, or united to form a considerable 
mass of sclerenchymatous tissue, as in the sliell of many fruits, as 
the hazel-nut, and the stone of others, as the plum. 



60 PART 11. — TIIE ANATOMY OF PLANTH. [§ 28. . 

§ 28. Internal Receptacles for Secretions. In tho fibrq- 
vascular system, as well as in- the fundamental tissue, besides tho 
forms of tissue hitherto described, there are found othcroSjtructures 
wliich servo to secrete and to transmit certain substances which do 
not oerjur throughout the plant: these structures traverse both the . 
internal tissue- systems, so they cannot be regarded as belonging 
especially to either, but must be considered separately. According 
to their mode of origin, these receptacles may be either isolated 
closed cells containing nothing but the matter secreted, or they may 
be vascular structures, formed by the fusion of elongated cells by 
the absorption of their walls ; or, again, they may be intercellular 
spaces, cavities filled with secretion which have been formed either 
by the absorption of a mass of tissue (hjsigenous) or by the separa- 
tion from each other of uninjured cells (schlzogmioiis) (see § 23). 
They may be arranged in the following order, according to the 
nature of the secretion : 

(1.) Crystals or clusters of crystals are frequently found in certain 
cells, particuljirly in the fundamental tissue of Monocotyledons and 
in the bast of many trees. 

(2.) Cells filled with mucilage occur in tho Malvaceoe, in the cortex 
of tho Elm and Firs, in tho tubers of the Orchidem ; mucilage also 
occurs in lysigenous intercellular spaces in the Cacteae ; cherry-gum, 
which is formed by a gradual transformation of groups of cells, must 
be included here, 

(3.) The milky juice (latex) which flows from many plants when 
they are cut, derives its milky appearance from minute solid particles 
which are suspended in watery fluid, constituting a sort of emulsion; 
the milky juice frequently contains caoutchouc , sometimes, as in 
Chelidonium, it is yellow. This milky juice is found, in different 
' vessels in the dilTerent families of plants. 

(a.) In the Ciehoriaceoo (as tho Dandelion and Scorzonera), the 
Papaveracetc, and Canipanulacem, it is contained in the laiiciferous 
vessels ; they are straight or branched, anastomosing rows of cells, 
the transverse walls of which are absorbed or perforated (Fig. 67). 

(6.) In the Euphorbiaceas (e.<7., the Spurges), the Urticace®, and 
Asclepiade®, the milky juice is contained in closed cells, which are 
much branched and extend throughout tho whole plant. These lati- 
ciferous cells are already present in the embryo, while it still consists 
of only a few cells, and they grow with its growth without under- 
going any division. 

(c.) The milky j^uice is contained in cells of small dimensions. 
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\yliicli are not nnfreqnently arranged in rows ; this is the case in 
the Maple, in Sambucus (Elder), where these cells are visible as red 
lines at tjiq. circumference of the dried-up pith, in the Convolvulaceoe, 
where the milky juice contains much resin, in Istmandra Guita, of 
► which the inspissated milky juice forms Gutta pcrclia. 

All these forms of laticiferous vessels occur principally in the cortex 
and phloem, but they sometimes occur also on the inner side of the 
Qbro- vascular bundles of the plants in question. A great number 
of very important products, valuable in medicine and the industrial 
arts, are derived from the latex : thus Csioutchonc (India rubber) is 
the dried milky juice of Sqihonia eladica, one of the Eupliorbiaccju, 
and Opium is the milky juice of the unripe capsules of the Poppy, 
PitpLiver somnifeniiu. 




PiO. 68.— Oil-cavity Uelow the upper 
surface of the leaf of Dictamnus FraxU 
nella ( x 320). B At an early Btngo : 0 
mature; o mother-cells of the cavity be- 
fore their absorption ; o a large drop of 
ethereal oil. (After Sachs.) 


r 



Pio. 69.— Hesin-pf^sages in the young stem of the Ivy {Uedera Helix), transverse section 
( X 800). A An early. E a later stage ; g the resin-pnssage ; c the cambium ; wh the soft barx ; 
6 bost-ilbres; rp cortical parenchyma. (After Sachs.) 


(4.) Resins and ethereal oils, not nnfreqnently combined, occur : 
(a.) In cells, in the Laurineae, e.y.. Camphor ; in the Zingibcraceoe, 
Acoms, and other plants ; the solitary resin-cebs in the wood of the 
Silver Fir may be mentioned here. 

(h.) In intercellular spaces^ which may be of lysigenous origin and 
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are then usually of a spherical form ; these were formerly de- 
signated glands (Fig. 58). The oil of the Citron, Orange, Rutaceai, 
Myrtaceo?, is contained in such cavities, as well as that of.tjie leaves 
of Hypericum, which present in conset^uence a number of trans- 
parent spots. 

The other intercellular spaces whicA contain oil or rosin are of 
schizogenous origin ; that is, they are formed by the separation from 
each other of certain cells surrounding the interceRular space 
(which is usually elongated in form), and differing from the resl 
of the tissues in their arrangement and mode of division (Fig. 59). 
To these belong the oil cavities which traverse the primary cortex 
and phloem of the Compositae, and the gum- resin-ducts of the 
Umbellifene and their allies, in which the resin is mixed with 
gum : also the resin-ducts of tho Tcrebinthacece, SimarubeaE?, and 
Coniferse, which contain a Balsam^ a solution of resin in an 
ethereal oil. In the Coniform (among which resin is wholly absent 
from one genus only, namely Taxus), they are found in the leaves, 
the arrangement varying with (.he species, and they pass from them 
into tho primary cortex ; the y also run longitudinally through the 
wood and transversely in tho larger medullary rays. Lysigenous 
resin-receptacles of a spherical form are formed secondarily in 
several species, e.g.j the Larch, in the primary and secondary 
cortex. 

§ 29. The Epidermis, In the lowest forms of plants the 
epidermal system is not sharply defined from the fundamental 
tissue, and is, properly speaking, only the outermost layer of that 
tissue. In the higher plaiits there is usually a true epidermis (Fig. 
45 fi) ; this envelopes most annual plants, and generally consists of 
a single layer of cells, which arc in close juxtaposition (with the 
exception of the stomata) without any intercellular spaces: it 
may be easily stripped off from certain parts of many plants (e.^., 
the scales of the Onion and the leaves of Begonia) as a thin trans- 
parent membrane. In some special cases, e.g,, the leaves of Ficus 
and Peperomia, the primitively single layer of the epidermis divides 
into two or more layers, of which the outer layer alone has the 
appearance of a true epidermis. Sometimes the cells of tlie epi- 
dermis differ very slightly from those of the internal tissue, as in 
the roots and leaves of many water-plants but the difference 
between the epidermis and the tissues which lie beneath it, in the 
case of the stems and leaves of terrestrial plants, is well marked, 
nhd the epidermis is usually further distinguished by certain pecn- 
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liai* structures, such us stomata and hairs. The epidermal cells but 
seldom contain chlorophyll, tut, on the other hand, they often con- 
tain other colouring-matters in solution. In those parts of plants 
wliich grow to a considerable length, their form is usually elongated ; 

in broad leaves it is commonly . ^ 

tabular. The side walls have 11 

very frequently an undulating jn rf ^ ^ A 

outline, so ^hat the adjoining j( III ^ J 

cells fit into each other. The ^ 

external wall is usually much X’^/ 
more thickened than the other I 1 
walls ; its outermost layer is 

always cuticularised, and is ^ 

called the cuticle ; it is clearly ^ 

• 1 Ei)iilermia (e) with a stoma (S) fioiti 

denned from the inner layers, ^ cross section of a loaf of Uyncinthm nrienfalm 
which are also more or less P parenchyma of tlm fumlamontal 

/r,. tissue; t an air-cavity. 

cuticularised (r ig. 60), and it 

extends continuously over the whole of the epidermis. It has a 

tendency to form thickenings projecting outwards from the surfac^o. 

Particles of wax are included in the cuticle of many tcri'cstrial 

plants which protect their sui’faco from bein wetted by water. 

This wax often appears on the 

surface in the form of small ji / 

granules, rods, or flakes, and s/? 

then forms a bluish bloom, which \ / 

is easily wiped off, or sometimes |h®^J | | 

a considerable mass, as in the | I I 'i 

fruits of Myrica cenjera and the | I I 

trunks of some Palms (Ceratoxy- _ ^ 

Ion andicola and KlupstocJcia ceri ( ,> 

fera). \ | | 

The Stomata are organs which \ j L 

here and there interrupt the con- \ . 

tinuity of the epidermis and per- ' 

mit communicafion between the yio. ai.-stoma of a icnf of CommeUM 

air contained in the intercellular ccsiestis, Burfaco view (x aoo): sp bpeniug; 

_ . , , ,1 ga the two guard-cells 

spaces and in the vessels, and the 

external atmosphere. Each stoma consists of two peculiarly modi- 
fied epidermal cells called guard-cells ; these, when seen from the 
surface, appear usually of a half-moon shape (Fig. 61 sz) and sur- 
round the opening of the stoma. This leads to the air-cavity (Fig- 


Fio. 01.— Stoma of a Icnf of Commelvia 
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60 t), a large intercellular space between the epidermis and the 
underlying tissue, which communicates with the other intercellular 
spaces. The whole stoma originates thus : a young epidermis-cell 
divides into two, the two guard-cells; these are separated by 'a 
septum, which is at first simple, but which subsequently splits. 
The size of the opening may be increased or diminished by the 
action of external influences, and this is effected by changes in the 
form of the guard-cells. Stomata are found on almost all parts 
of terrestrial plants which are above the ground, and are par- 
ticuh'irly abundant on leaves (jis many as 600 to the square milll 
metre) , they are usually wanting in submerged organs, and are 
always absent from roots. 

Hairs are products of the epidermis, and are generally formed by 
the outgrowth of single epidermal cells. They may remain unicellu- 
lar, as in the case of . the root- 
hairs which form the velvety 
covering of young roots, and of 
the hairs on the outer coat 
(testa) of the seed of Gossypium, 
which constitute Cotton; or they 
may undergo division so that 
they consist of a row of cells 
(Fig. 62 a, d) ; or again, the out- 
growth from the epidermal cell 
may undergo divisions in two or 
more directions, in consequence 
of which either a layer of cells is 
found, as in the case of the scales 
(ravienta) on the leaves of Ferns, 
or a mass of cells, as in the case 
of the stiff hairs on the fruits of 
Thistles and similar plants. If 
a mass of cells be foraied at the 
apex of a hair, or if the cells 

£ te. xitiirs ua a youojf uvary ot v^Hcai • ■, c i i 

Oita ( X 100) ; b glandular hair ; c e f enrl. ' the apex are mUCh larger 

etages of development. than the rest, it is called a glan- 

dular hair (Fig. 62 h). In many cases the contents of the hair-cells 
aisappear au an eariy stage, as in Cotton, and are replaced by air. 
Sometimes the membrane becomes greatly thickened, and often 
contains deposits of considerable quantities of lime and silica. The 
stinging hairs of Nettles and other plants secrete an acrid fluid 
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whicli, as their points break very easily, enters the object toncbiiig 
them. 

The Glands^ the secreting organs of the epidermis, are peculiar in 
that the secretion (which is usually of a sticky nature) makes its 
appearance in the substance of the cell- wall under the cuticle: i1 
causes the cuticle to separate from the remainder of the cell-wall, 
and linally ruptures it. Secretion takes phioo frequently over the 
general surface of tlie epidermis, as in young twigs of the Jlirch, oi 
over certain circumscribed areas of it, as the teeth of the leaves ol 
Prunus, Salix, and other plants, and the nectaries of flowers, or at 
the apex of glandular hairs, as in Primula sinensis : the calleter.* 
which clothe the young organs in the winter-buds of trees, and 
which cover the unfolding leaves with their secretion, are also 
glandular hairs of this kind. Digestive glands, which secrete a 
fluid capable of dissolving various foreign bodies, are peculiar to 
certain plants ; they are found in the “ tentacles ” of Drosera, etc 
(Fig. 72). 

In those parts of 
plants which grow in 
thickness, such as the 
stems and branches 
of trees, the tubers 
of the Potato, and 
napiform roots, the 
epidermis is usually 
unable to keep pace 
with the increase of 
the circumference, 
and it ruptures: a 
new protective tissue 
is usually formed 
from the cortical 
fundamental tissue, 
which is teiuned the 
Cork or Periderm. 

This consists of tabular cells arranged in rows perpendicularly tc 
the circumference of the organ: their walls are converted into cork, 
and are scarcely permeable to water : they usually contain nothing 
but air (Fig. 63 Ic). The cork-cells are formed by tangential divi- 
sions taking place in the cells of a specn'al mcristem, the Phellogen^ 
and lie externally to it: frequently parenchymatous cells containing 



Fio Cork of one-yenr’p shoot of ilifanthns glawdulosa 
(trans. sect, x 350) ; e the dead epidermis, k cork cells, the 
inner layers meristomatic (i)hcllogen) ; r primary cortex. 
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chloropliyll are formed in a similar manner from the phellogen, and 
lie internally to it : these are known as Fltelloderm. 

A formation of cork is wholly absent in only a very few woody 
plants, as the Mistletoe and a species of Maple (^Acer Pennsylmni* 
mm) ; in Euonymus it occurs only in branches of several years’ 
growth. It usually takes place in one-year’s shoots towards the 
end of summer, so that their originally green colour is changed to 
brown. This periderm, which serves as a substitute for ^he deca}’-- 
ing epidermis, and which may be termed prim ary, is usually formed 
in the outermost layer of the cortex in immediate contact with the 
Rjiidcrmis ; in rare cases the epidermis itself is transformed into 
phellogen (in Salix and the Pomacem), or tho phellogen originates 
in a more internal layer of the cortex (Loguminosa 3 , Larch, Ribes), 
or even in the pliloem (as in the Grape-Vine). In consequence of 
the impenetrability to water which is characteristic of tho cork- 
cells, all the tissues outside the periderm necessarily dry up, and 
those dried-up tissues, which may belong to different tissue-systems 
and include the most various forms of cells, constitute what is 
known as Baric, In roots the primary periderm is always formed 
in the pericjimbium ; consequently the whole of tho cortex, which 
is often of great thickness, is transformed into bark and is thrown 
off (compare Fig. 49 J5). 

When the primary periderm originates in the outer layers of the 
cortex (or in the epidermis), it forms for many successivo years the 
external investment of the branch ; it may attain considerable thick- 
ness, as in the Cork-oak, and at the same time exhibit an alternation 
of dense and loose layers (t?.y., the Birch, in which the layers maybe 
peeled off in thin white sheets); sometimes (as in Acer campestre and 
the Cork-elm) it forms wing-like projections from the angles of the 
branches. In a few trees, as the Silver Fir, this primary periderm 
persists for Lome years, or, as in the Beech, during the whole life of 
llie tree ; tho outer cork-cells split off as the trunk of the tree in- 
creases in thickness, while the phellogen, growing and extending in 
h tangential direction, gives rise to new layers. In most cases, after 
a few years, now secondary layers of periderm are foniied in the 
deeper layers of tissue, causing, naturally, the production of a very 
considerable bark. If the now secondary layers of periderm occupy 
only a part of the circumference, and their margins are in contact 
with tht> periderm which has been previously formed, a scaly bark 
is formed, that is, isolated patches of tissue are transformed into 
bark. This bark is stretched and torn by tho increasing size of the 
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trunk, and the scales of it may be shed, as is the case in the Plane, 
or they may adhere one upon the otlter, as in the Pines and Larches, 

’ or remain connected by the bast-fibres in long strips, as in llobinia. 
. When, on the other hand, the primary periderm has been formed in 
the deeper layers of the cortex, the secondary periderm often forms 
complete concentric rings ; thus hollow cylinders of the cortex are 
transformed into bark (ringed bark). The longitudinal rupture of 
this kind qf bark is effected by the bast-fibres enclosed in it, e.//.. 
Vino, Clematis, and Thuja. 

There are in the periderm organs corresponding to the stomata of 
the epidermis, and serving, like them, to admit air to tlie living 
portion of the cortical tissue ; these are the Leulieds. ^J'hey are 
usually circumscribed circular aretis of the pen-iderm wlicrc tin; cork- 
cells formed in the course of the summer are not arranged closely 
together, but arc separated 
by intercellular spaces. In 
winter the icnticels: ' are 
closed by ordinary coik- 
cells. They are most easily 
detected in branches of one 
year’s growth, where they 
are to be seen in the sum- 
mer in the form of brownish 
or whitish specks under the 
[daces where the stomata 
occur’ in the epidermis. 

These spots are commonly the starting-points of the formation of 
cork. In many trees, as the Birch, the Icnticels become much ex- 
tended in width by the growth of the branch in circumference. 
When the cork-layer is very thick, as in the Cork-oak, the lenticel^ 
form deep canals filled with a pulvcnilent mass of cells. 

In woody plants the falling off of the leaves breaks the continuity 
of the epidei’mis. This process is induced by- the formation in the 
autumn of a zone of peculiar tissue at the base of the loaf, the colls 
of which become separated along one plane by the splitting of the 
common walls, so that the cells remain uninjured, Cork is subse- 
quently formed under the layer of cells covering the portion of the 
leaf which remains attached : the cork formed here becomes con- 
tinuous with the periderm which invests the branch. 

§ 30. The Primary Meristem and the Apical Cell. 

The growing end or apex of an organ, snch as a root or a stem, ia 


/ 



Fio. 6I.-“L©nticel in tlie tran.svor. c bo tion of 
a twiff of Elder (x 300): c epitlerinis, f/ plioHofjen, 
I cells and pi the pliollo^cMi of the lonliccl, Ic corti- 
cal parenchyma' containing chlorophyll. 
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called tne growing-point (puncium vegetatiouia). In roots it can be 
readily distinguished on account of its freedom from colour, and it 
will be seen to bo enveloped by a transparent mass of tissue^forming 
the root-cap (see § 7). In steins the growing-point is invested by 
the young leaves. In the growing-point the different forms of cells 
and systems of tissue which have just been described are not yet 
jiresont ; it consists of a tissue, the cells of which are all capable of 
division, rich in protoplasm, thin- walled, and in close juxtaposition, 
without any intercellular spaces: this is the primary meristem. 
Most leaves and fruits, and many other organs, consist, at the 
earliest stage of their development, wholly of primary ineristem, 
which is subsequently transformed into the different forms and 
systems of tissue, so that none of the primary meristem remains. 
In those organs, on the other hand, which have a continuous apical 

growth, as most 
stems and roots, new 
primary meristem is 
constantly being 
produced propor- 
tionately to its trans- 
formation into per- 
manent tissue, by 
the formation of new 
cells at the growing- 
point. At the apex 
of a root, the tissue 
of the root is formed 
backwards from the 
primary, meristem, 

Fi®. 05.— scefion throusrh the apical region of and the rOot-cap for- 

aBtem of i^«Unaii».n,Hp,,re(ica. a Wards; the external 

(after Leitgob) : v the aiiusal cell of tho shoot, producing three 

rows of segments which are at first oblique and afterwards Cells of the latter 
placed transversely (distinguished by a stronger outline), constantly beint^ 
Each segment is first of ail divided by the wall a into an jc ^ 

inner and an outer cell; tho former produces a part of the WOrn Oil. 
inner tissue of tho stem, tho latter tho cortex of the stem and In CrYpi.Oo*ams 
a loaf Leaf-forming shoots arise beneath certain leaves, a , ^ 
triangular apical cell ( 2 ) btung formed from an outer cell of Constant pro- 

tho segment, which then, like v, produces three rows of seg- duction of piimavy 
m^nts; and each segment hero also forms a loaf. . , . 

meristem is usually 

effected by means of a single cell, which occupies the apex of the 
growinsr organ, and is distinguished by its size and form; this 
is the apical cell (Fig. 65 v). This is the case in the higher 
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•Tliallopliytcs (but not in Fucus), in tho [Mnscincw, and in tbo 
Vascular Cryptogams (but not in Lycopodium, Isoctes, some 
Selagin ^llas, roots of Marattiaccoo) : in these exceptional cases no 
single apical cell is present. From this cell all the cells of the 
primary moristem, and consequently those of tho whole mass of the 
plant, originate in the following way: it divides in regular suc- 
cession into two ; of these, tho one remains exactly similar in form 
to the original apical cell, it increases in size, and tlieii fulfils the 
functions of the apical cell in its turn ; tlio other, known as the 
by further subdivision (Fig. G5 a & c), forms a portion of 
the tissue of the organ to which it belongs. The whole mass of 
tissue is forineil from the segments which are thus successively pro- 
duced. The mode of the formation of the segments is very siin])lc 
in some Algae, where the terminal coll is divided only by transverse 
septa, so that the segments form a longitudimvl row. The process is 
more complicated when the segments are cut cIT right and left 
alternately by oblique walls which intersect. It is still more com- 
plicated when, as in the stems of ]\Iosses and of Ferns, the terminal 
cell is wedge-shaped or has the form of an inverted throe or four- 
sided pyramid; segments are cut off from each of tho sides by 
inclined walls in regular succession (Fig. G5). The root-cap is 
formed by segments which are cut off from the apical coll by walls 
parallel to its free surface. 

From the foregoing account of tho growing-point of Cryptogams 
it is evident that the tissues of such stems and roots as possess an 
apical cell must necessarily have a common origin. In the Vascu- 
lar Cryptogams the commencing dilferentiation of the tissues in 
the primary meristem of these members can usually bo observed 
close behind tho apical coll. There is a distinct external layer of 
colls, known as the dennaiotjoi, which is tho primitive epidermis: 
within this are several layers of cells, termed pertblem, from which 
tho cortical tissues are derived ; and in tho centre is a cylinder of 
•omoAvliat smaller cells, tho 2 )lerome, from wliich the axial tissues, and 
most commonly the fibro- vascular bundles, will bo formed. 

In the Phanerogams, as well as in those Vascular Cryptogams 
which have been already mentioned as exceptions, the growing- 
point has no apical cell. It consists of a primary n.eristem which 
usually exhibits, in the stem at least, the above-mentioned differen- 
tiation into three systems. The tissues of the mature members 
have not, therefore, a common origin, as is the case when an apical 
cell is present, but each tissue-system is developed from the corre* 
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spomling system of tlie primary moristem. In roots there is in many 
eases a fourth meristcniatic layer, the calyptrogevy from which the 
root-cap is developed, but the differentiation of the primary Aicristcm 
is not so regular as it is in stems : in rare cases (Hydrocharis, 
Pistia Slraliutes) all four layers arc present; in others (most Mono- 
cotyledons) the epidermis and the cortex are developed from a com- 
mon meristcmatic layer, so that dermatogen and perihlem cannot be 
distinguislied ; in others again (most Dicotyledons) the r6ot-cap and 
the epidermis are derived from a common layer, and finally, in 
Gyinnospcrms, the primary meristem consists only of pleromc and 
pcriblom. 

§ 31. Formation of Tissue In consequence of Injury. 

Wlicn the inf ernal tissues of most parts of plants are laid bare by 
in jury, tlicy arc gradually covered by a formation of cork taking 
place in the outermost layer of colls which remain uninjured and 
capable of growth. Tliis is easily seen in iiij tired fruit s, leaves, and 
herbaceous stems, in which the wounds that have been covered by 
a layer of cork are distinguished by a gi‘ey-l)rowii Colour. The 
process is very easy to observe in potato-tubers, for each portion 
of living tissue taken from one, if only prevented from drying too 
quickly, will soon be covered over the whole surface by a layer of 
cork precisely similar in structure to the ordinary rind. In plants 
in which the Avood is well developed, cork is not immediately 
formed — particularly Avhen the cambium is wounded or laid bare — 
but all the living cells which border on the wonrul give rise to a 
homogeneous parenchymatous tissue known as the CalltiH. If the 
wound is small the callus-cells proceeding from the different sides 
soon como into contact and close up into a single mass of tissue, 
which then gives rise to cork on its outer surface, and; joining the 
old cambium at the margins, forms a now layer of cambium, which 
fills up the cavity. If the wound is a large one, cork and now cam- 
bium are formed in the callus at the margins of the wound, and it 
is not wholly closed till after I’epcated rupture of the approaching 
cushions of callus. Tho wood exposed by the wounds Avbich usually 
assumes a dark colour under the influence of the air, does not grow 
with tliat formed from the new cambium of the callus ; hence in- 
scriptions, for instance, which are cut in the cortex so as to reach the 
wood, though subsequently covered by a number of annual layers 
of wood corresponding to the number of years, may easily be found. 
A similar explanation accounts for tho fact that the surfaces of the 
stumps of cut-off branches become overgrown ; the. callus first ap- 
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• pears as a ring from the cambium exposed in the transverse section, 
and afterwards closes like a cap over the old wood. Foreign bodies 
I — nails stones, and stems of other plants — may thus become en- 
closed in the wood of a tree and be overgrown by it; the cortex, 
being forced against the foreign object by the pressure of the grow- 
ing wood, splits, and the callus formed in tlio rent grows round the 
object, enclosing it and producing new cambium. 

Stems <Df plants of the same species will grow together if they 
are in close contact ; the callus formed by the cortex of both, 
coalesces and gives rise to a common cambium. On this dejieinl 
the various modes of artificial grafting, in Avliich liranches or buds 
with a portion of the cortex are taken from a variety or an allied 
species and placed so that their cambium is in contact with that 
of a stem which serves as the stock, and suiiseqnent I}- they grow 
together. 
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THE PHYSIOLOGY OP PLANTS 


CHAPTER 1. 

, CHESnOAL PROCESSES IN PLANTS. 

§ 32 . The Elementary Constituents of the Food of 
Plants. All parts of living* plants contain a considerable quantity 
of water: this forms not merely the principal constituent of the 
cell-sap, but also saturates the cell- walls, the protoplasm, in short, 
all organized structures. It is one of the peculiarities of organized 
structures that miiiiite particles of water are interposed between 
the particles of solid matter of which they consist. By heating to 
100” or 110” Cent., all the water contained in any part of a plant is 
expelled, and in consequence it will naturally lose weight. The 
amount of this loss, that is, the quantity of contained water, is very 
different in various plants ; ripe seeds dried in the air contain from 
12 to 15 per cent, of water, horlmceous plants 60 to 80 per cent., 
and many water-plants and Fungi as much as 95 per cent, of their 
whole weight. 

The residue, which gives off no more water at a heat of 100” Cent., 
tHc dry solid, consists of a great variety of chemical compounds ; 
these are partly ortjanic, that is to say, combinations of Carbon with 
other elements, and partly inorganic. Those organic substances 
which occur in the living plant (with the exception of salts of. 
oxalic acid) all contain Hydrogen. Some of them, puch as many 
oils, consist of these two elements only (Carbon and Hydrogen), but 
by far the greater number, including Cellulose, Starch, and Sugar, 
as well as the vegetable acids, and certixin oils, contain Oxygen also 
The albuminous substances consist of C«arbon, Hydrogen, Oxygen, 
Nitrogen, and Sulphur ; in other bodies which contain Nitrogen, as 
Asparagin and many alkaloids, there is no Sulphur ; from certain 
other alkaloids, for instance Nicotin, Oxygen is also absent. 
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, The orp^anic coraponncls can for the most part bo resolved into 
volatile products — chiefly carbonic acid, water, and ammonia — by 
exposur* to groat heat Aviih free access of air, that is, by combus- 
tion. The inorganic residue is a wliito, or, if the combustion is 
imperfect, a grey powder, the luh. 

As the result of chemical processes attending the combustion, 
the sulphur previously contained in the organic compound a[)pear.s 
as sulphates in the ash, and the carbonic acid formed during com- 
bustion combines with some of the inorganic substances. 'J^icso, 
therefore, must not bo included in an accurate estimate of the con- 
stituents of the ash. 

The ash usually constitutes but a small percentage of the whole 
dry solid of the plant. The following anal^'ses of various portions 
of plants will give an idea of its amount and composition : — 


1000 P4RT3 OF DIIY SOLID MATTER CONTAIN : 



4 

< 

4 > 

es 

£ 

1 

Soda. 1 

i 

Lime. 

.2 

CO 

u 

to 

C3 

Fcvric 

Oxide. 

Phosphoric 

Acid. 

Sulnhnric 

Ac.d. 

Silica. 

■ 

Chlorine. 

Clover, in bloom 

GS-3 

21-00 

1-30 

21-00 

7-14 

0-72 

0-74 

*2-00 

1C2 

2-GO 

Wlicat, grain 

10-7 

(3-14 

()-14 

0-00 

2-30 

0-20 

9-20 

0-07 

0'12 

()-()4 

Wheat, straw 

53-7 

7-33 

0-74 

3-09 

1-33 

0-33 

2-58 1 1-32 

30*25 

0-90 

Potato tubers 

37*7 

2-2-7r) 

0-99 

097 

1-77 

0-45 

C-r>3 i 2-45 

O-HO 

1-17 

Apples 

14-1 

5-14 

3*70 

0-59 

1-20 

0*20 

l-9(; 

0*88 1 

0-02 

— 

Peas (tbe seed) 

27-3 

11*41 

0-20 

1-30 

2-17 

0-16 

9-95 1 

0-95 

1 0-24 

0-42 


These constituents of the ash do not form a merely accidental 
mixture *, it has been proved by experiment that certain inorganic 
matters are absolutely necessary to the life of the plant. Thos«j 
elements which the plant requires for its nutrition, and which must 
therefore bo regarded as part of its food, are : 

• 1. Those forming the organic compounds. Carbon, Hydrogen, 

Oxygon, Nitrogen, and Sulphur. 

II. Those forming the inorganic compounds. Phosphorus, 
Chlorine, Potassium, Calcium, Magnesium, Iron. 

Besides these we find in the ash of many plants — though they 
cannot be regarded as essential to nutrition — the following ele- 
ments : 

Sodium, Lithium, Manganese, Silicon, Iodine, Bromine, and in 




rare cases, also Aluminium, Copper, Zinc, Cobalt, Nickel, Stron- 
tium, and Barium. 

Fluorine must also exist in vegetables, for it is found lin a per- 
ceptible quantity in the dentine of animals which feed directly or 
Indirectly on vegetables. 

§ 33. The Absorption of Carbon. The source from which 
all j)hints containing chlorophyll derive their carbon is simply and 
solely the carbonic acid of the atinosphere (or in the Case of sub- 
merged plants, that which is held in solution by tlie water), which 
is decomposed under the influence of light by the cells which con- 
tain chlorophyll. If a water-plant (c.^., a leaf of Potamogetonnatans, 
or a portion of the stem of Elodea ciuuuhnsis) be placed in water 

which holds carbonic acid in solu- 
tion, and be exposed to sunshine, 
it will be seen that from the cut 
surhu'.e of the leaf or stem bubbles 
of gas are given off at regular 
intervals (Fig. 66). These con- 
sist of oxygen. The carbonic acid 
is in fact decomposed in the chlo- 



Pio. fiO.— Evolution of oxygen from a 
water-plant {Kloilea CnnadensiH) : a tho cut 
stem ; g a weight that keeps the stem in its 
place ; o tho gas-bubblcs vising from the cut 
surHine. 


ropbyll-corpusclcs in such a way 
that part of its oxygen is restored 
to the atmosphere, whilst the re- 
sidue combines with the elements 


of water to form organic compounds, which therefore contain 
carbon, hydrogen, and oxygen ; the hist, however, in smaller pro- 
portion than does carbonic acid (C Og). Since almost all the 
constituents of the food of plants (and not carbonic acid only) are 
compounds which are rich in oxygen, containing, ii;i fact, for the 
^nost part the maximum proportion of that clement, and since the 
products formed within the plant itself arc all very poor in oxygen, 
— some of them being wholly destitute of it, — it is a necessary in- 
ference that in the course of nutrition considerable quantities .of 
oxygen must be evolved. , 

The first organic compound which can be detected as a product 
of this process is in most plants Starch (CgllioOg), which makes 
its appearance in tho chlorophyll-corpuscles in tho form of minute 
granules; sometimes grape-sugar is formed instead. A certain 
temperature and the co-operation of light are both indispensable to 
this process ; in the dark no oxygen will be eliminated, and tho 
formation of starch-grains in the chlorophyll-corpuscles will also 
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bo no longer observable. Of the different rays which compose the 
solar spectrum, the least refrangible, and particularly the yellow 
rays, hff/tf the most effect in promoting this process. The organs 
which are adapted for the performance of this function are those 
which are rich in chlorophyll, particularly the foliage leaves. 

No carbon is assimilated by green plants in any other way ; ex- 
cepting this particular process, there is no instance in all luitiire ( i* 
the conveAion of carbonic acid into organic compounds which con- 
tain a smaller proportion of oxygon; hence all carbon, even that 
contained in the organic componnds of the animal body, is derived 
from the carbonic acid decomposed in tlio cbloropbyll-corpnsclos. 

A number of plants which are not furnished witli chloropliyll — 
for instance, all Fungi and a few of tlie liigher plants, as the 
Dodder (Cuscuta), Orobanehc, and Monotropa — are unable, in con- 
sequence of its absence, to decompose carbonic acid ; hence they 
are compelled to doi-ivo tlieir organic compounds directly from 
other living plants, or from the decomposing remains of other organ- 
isms (hnmns) : in the former case they are said to be parasites 
Cuscuta, Orobanclic) ; in the latter tliey arc called saprophytes 
{e.g.y Mushrooms, Ncottia, Monotropa, etc.), 

§ 34. Metabolism. The substance formed in the cliloropbyll- 
corpuseles — that is, starch, in the majority of plants — constitutes 
the raw material from which all the other organic su])stanccs of 
the whole plant are elaborated. In this process of elaboration, 
the combined nitrogen and the inorganic substance's absorbed from 
the soil, and the oxygen taken up from ihe atmns[)herc, are also 
concerned. The starch-grains (or their physiological crjiiivalcnt) 
are continually heiiig absorbed and removed from the cliloropliyll- 
corpnscles. Under normal vital conditions, when the plant is 
exposed to the light, the formation of starch is in excess of tlio im- 
mediate consumption, so that starcli-grains aro alweys to be found 
in chlorophyll-corpuscles ; but if the plant bo placcil in the dark, 
Hio starch-grains gradually disappear. 

Of all the substances which arc elaborated in the plant, those are 
the most important wliich contribute to foi*m the substance of the 
cell- walls and of the protoplasm; they are spoken of as plastic 
substances. 

The cell- Avails consist of cellulose, CgU 2 o 05 . It has been shown that 
Starch, Sugar, and Inulin, which have a similar chemical constitution, 
as well as fatty matters, all serve as material for the formation of 
cellulose, and arc thus the plastic suhstan^^s for the cell- walls. 
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Tho protoplasm consists es.scntially of albuminous substances 
(proteids), which all contain nitrogen and sulphur ; such albumin- 
ous substances and other nitrogenous comi)ounds, as 'aA^aragin, 
constitute the plastic materials for the protoplasm and allied struc- 
tures, such as tho chlorophyll-corpuscles. 

The plastic substances are not consumed at once in the organs in 
which ilioy are formed, but they arc generally utilized in other 
parts of the plant and at a later period : hence they ar§ stored up 
for a time, sometimes for a long time, in considerable quantities in 
special organs, and are then called reserve inalfiriah. The seeds of 
all plants are organs for the storage of such reserve-materials; 
they contain, besides tho embryo, the nutritive substances which it 
requires during tho first stages of its development. Tubers are 
also such organs, and thickened roots (Potato and Dahlia tubersi 
Turnips), as well as the persistent parts of perennial plants, such as 
the rhizomes of herbaceous plants, certain parts of the tissue of 
Iho branches and trunks of trees and shrubs, and in evergreen 
plants even tlie leaves themselves. 

Potato tubers, for instance, contain, as is well known, a great 
quantity of starch ; when the buds grow out into shoots, and new 
plants begin to bo formed, the starch disappears in proportion as 
new cell- walls are developed. In tho same way the starch of the 
seeds of cereals, the cane-sugar of the beet-root, tho inulin of 
Dahlia tubers, the fatty oil of the seeds of the Rape, tho Pumpkin, 
the Sunflower, and other plants, is used up in the formation of the 
cell-walls of the new plant. Certain layers of cells, particularly 
tho cells of the medullary rays of trees, contain, in the winter, a 
quantity of starch which is absorbed and consumed during the 
spring when new shoots are developed. Cellulose itself occurs as a 
reserve-material in the seeds of the Date and other Palms ; the 
remarkably thickened walls of endosperm-cells are absorbed during 
germination, and subserve the growth of the seedling. The pro- 
teid-grains (aleurone) described in § 15 are tho albuminous reserve- 
materials of the seed. • 

If seeds are made to germinate, or if shoots grow out from other 
deposits of reserve-material, as potatoes and the like, in the dark, 
no fresh formation of plastic substances can take place, so that the 
whole of the newly-formed cells are developed at the expense of 
the reserve-materials ; thus the degree of development reached by 
plants grown in the dark depends on tho supply of reserve- 
materials, which varies in different plants. For instance, if tho tiny 
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6yBod of the Tobacco germinates in the /dark, only a minnfco see<llinj» 
is developed, while a potato tnbor or a beet-root can nourish large 
plants. * 

The plastic substances which are stored up as rcservo-matcrial 
aiidergo a series of changes before they attain their final form, 
which may be celluloso, or the proteid of protoplasm. Tlie plastic 
materials for the ccll-wiills, whether they are dejiosilcd as starch, 
canc-sugait inulin, fatty oils, or cellulose, are always in part 
changed into grape-sugar, which is conveyed in solution through 
the parenchymatous cells by diltusioii to the sjiot where it is to be 
utilized, — that is, to the place where the new cells arc being formed. 
Very frequently a temporary deposition of it in the form of starch 
occurs in the conducting tissues, more particularly in the bnndle- 
sheaths. 

The intermediate forms assumed by the albuminous reserve-sub- 
stances are but little known. These substances appear gcmorally to 
travel slowly through the thin-wallqd elongated colls of the phloem, 
but in some plants asparagin appears as an intermediate form, 
which travels tlirough the parenchymatous tissue. 

The starch of the chlorophyll-corpuscles is conducted, in the same 
way as the starch of the reservoirs of nutriment, to the spot where 
it is to bo utilized, partly in promoting the growth of the now 
organs, and partly in being stored up in one of the depositories in 
the form of one of the ahove-mentioned siibslanecs. 

A groat number of compounds of carbon occur in plants, which 
stand in no direct relation to the development of now colls ; they 
are the bij-^^rodiicts of metabolism, which are formed partly as an 
inevitable result of the various ebanges effected in the dilTerent 
plastic substances, and partly also in connection with the pcjrform- 
ance of functions which are at present in great measure unknown.' 
Among those by-products are Tannin, Colouring matters, Acids, 
Alkaloids, Volatile Oils, etc. They also are formed from the re- 
sqrve-materials, w'hich are therefore never entirely consumed in the 
construction of new organs. 

Finally, the products of degradation are the last terms of the 
series of changes expressed by the word metabolism. They can 
undergo no further modification in the organism, and they have 
been formed from its organized constituents. To these belong most 
kinds of gum. In Gum Tragacanth, which is excreted by many 
species of Astragalus, the organization of the cell-walls is plainly 
perceptible; they have boenme capable of swelling-up enormously 
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Cherry Gum is formed in the ^samo way from cell- walls which have 
become difluent, but it is not soluble in water. Gum Arabic, which 
is formed by several kinds of Acacia, consists of cell-wal^s which 
have been so greatly changed as to be absolutely soluble in water. 

§ 35. The Source and Significance of the other Con- 
stituents of the Food. All the nutriment of plants, with the 
exception of carbonic aeiil, is derived from the soil. 

The lli/drofjcn of the organic compounds is obtaired by the 
decomposition of the water which permeates every part of the 
plant, and is constantly being .absorbed from the earth. 

Nitroijm^ Avhich is an essential constituent of albuminous sub- 
stances, is never assimilated in a free form ; although it is present 
in Large quantities in the atniospliere, a plant perishes if the soil in 
which it grows contains no compounds of nitrogen. Nitrates and 
compounds of ammonia are widely distiibuted, and it is in this 
form that nitrogen is taken up by the plant. 

The small group of caridvoroua plants, such as Droscra and 
Utricularia, have a special means of obtaining nitrogenous food ; by 
their leaves they capture small insects, etc. and absorb compounds 
of nitrogen from them. 

Su/p/mr, which is a constituent of albuminous and a few other 
substances occurring in plants, such as oil of Mustard, is derived 
from the sulphates of the soil. Probably the formation of crystals 
of oxalate of lime is connected with the decomposition of the 
absorbed sulphates: the ox.alic acid of the plant combines with lime 
to form oxalate of lime, liberating sulphuric acid which then 
undergoes further decomposition. 

Phosphorus is a constituent of tho phosphoric acid which is 
always found associated with the albuminous substances,, and which 
gfoems to stand in some close relation to them ; phosphates consti- 
tute a large proportion of tho ash of seeds. 

Iron, though it is met with in very small quantities, is absolutely 
necessary for the formation of chlorophyll, and therefore also foi 
fihe formation of starch. The leaves produced by plants which are 
not supplied with iron during their growth are white so soon as 
their own store of iron is exhausted; these leaves, which are said to 
be chlorotic^ become green in consequence of the formation of chloro- 
phyll if the soil be supplied with iron, oi* even if their surface only 
is washed with a very weak solution of iron. 

Potassium is fo^md iu the form of salts combined with various 
organic acids, as tartaric acid, racemic acid, and oxalic acid. Un- 
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lesg the soil contains potassium, no formation of starch can take 
phico in the chlorophyll-corpuscles ; ftirther, the potassium salts 
must bean, spmo relation to the plastic materials of the cell-\valls» 
since they are found for the most i)art in those portions of plants 
jvhich are rich in starch, sugar, or similar substances, as in potatoes, 
beet-roots, and grapes. 

Calcium and MtKjiiesium have been shown to be necessary to the 
normal devt^opment of plants, but nothing beyond this is accui*atelj 
known as to their function. They occur as salts of lime and 
magnesia in combination with both organic and inorganic acids. 

As regards Gldoriue^ it has been experimentally proved so far to 
be indispensable in the case of one plant only, the lluckwheat 
(^Polygonum Fagojiynuu), 

It has been discovered by experimental cultnves, that a plant can 
be perfectly nourished if it is supplied with all those elementary 
substances which have been enumerated as essential. This might 
be done, for instance, by supplying it with either of the two follow- 
ing groups of chemical compounds : 

1 . 

Calcic nitrate 
Potassic nitrate 
Potassic superphosphate 
Magnesic sulphate 
Ferrous phosphate 
Sodic chloride. 

In those two mixtures, as well as in others of the same acids and 
bases Avhich might be formulated, all the essential elements are 
included in forms suitable for absorption. 

§ 36. The non-essential Constituents of the Ash. 
Silica, a compound of silicon and oxygen, is distinguished from 
the previously-mentioned constituents of the ash, not only in that 
it occurs sometimes in greater and sometimes in smaller quantities, 
but more particularly in thjit the amount of it present in any organ 
increases with the age of the orgfin. lienc^e it may be inferred 
that it can hardly stand in any direct relation to the chemical 
processes of nutrition. Moreover, plants which are usually rich 
in silica can be brought to an apparently normal development 
under conditions which render the absorption of silica impossible. 

Iodine and Bromine are found in many marine plants, especially 


2 . 

Calcic nitrate 
Ammonic nitrate 
Potassic sulphate 
Magnesic phosphate 
Ferrous chloride. 
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in Algoe, and are prepared irom them ; it is not known if they a)*c 
of any value in the economy t)f the plant. 

Sodium, being universally distributed, is found in plantg. 

Lithium occurs in the ash of several plants, particularly in 
Tobacco. 

Zinc, Copper, and other metals, though they are not commonly 
present in the ash of plants, are nevertheless taken up by plants 
from soils which are rich in them; from this it appears^ that plants 
may absorb substances wliich are not necessary for their nutrition. 

§ 37. The Absorption of the Constituents of the Food 
fronn the Soil. With the exception of floating water-plants, 
which derive the whole of their nutriment, even their carbonic 
acid, from the water which surrounds them (e,g,, 
Utricularia), most plants grow in damp, or in 
dry, porous soil, from which they absorb all 
their nourishment except carbonic acid. The 
org.'iiis by whicli this is effected are the roots, 
or, in rootless plants, hairs, shoots, or branches 
of the thallus, which take the place of roots. 
The epidermal cells and (Fig. 67 //) root-hairs 
come into close contact with the minute particles 
of the soil, and with the water which adheres to 
these particles. Some nutrient substances are 
held in solution in the water of the soil, and 
pass directly into the root-cells by diffusion: 
others are decomposed by the acid sap which 
Wll is contained in the cells and which saturates 

^ even their cell-walls, and they then pass into 

Fig. 07. — Boot-hairs the plant in the form of salts of organic acids. 

^ allowed to grow over a plate of 

plant of Buckwheat polislicd marble, the calcic carbonate is decom- 
grown m water (Poly- thosc parts of the plate which are in 

hypocotyledonary por- direct contact with the roots, and a complete 
tion: c cotyledons. outline of the wdiole root-system is produced 
upon the marble. Thus although these nutritious substances are 
so firmly retained by the soil that they cannot be dissolved out 
of it by water, they are nevertheless absorbed by the plant. The 
plant is enabled to take up these as well as other substances which 
occur in a solid fonn, in consequence of the very intimate con- 
nection of the root-hairs with the particles of the soil. If a 
strongly-growing plant be pulled up out of the ground, those parts 
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of the root which are provided witlijiairs — neither the apex nor 
the oldest portion — ^will be seen to be closely covered with earthy 
particles which cannot be removed without tearing the hairs. 

It has been found that the ash of plants which grow close to« 
gether in the same soil or in the same water, may liave a com- 
position which is different in different cases, and which is different 
also from that of the soil; hence it hjis been inferred that plants 
have a certain power of selection, that they can absorb certain 
matters and reject others. This phenomenon can, however, be 
moro simply explained by the known laws of diffusion. A sub- 
stance which is held in solution by the medium which surrounds 
the plant will continue to diffuse into the cells of the roots until 
equilibrium is set up between the two fluids separated by the 
membrane, and this is C(iually true of those substances wliieh are 
at once absorbed by the plant as of those which are brought into 
solution by it before absorption. If the substance is not consumed 
in the plant and co-nsequcntly remains unaltered, the state of equili- 
brium once set up is permanent, and no moro of that substance 
will be absorbed ; but if it is consumed in the plant, undergoing 
chemical change in the process, it ceases to exist in the })lant in 
its original form, and fresh supplies will be constantly absorbed. 
Since these chemical changes differ in different plants, it is possible 
to account in this way for the variety in the composition of the ash 
of plants which have grown side by side. 

The fact that certain constituents of the ash are indispensable to 
the life of plants is of the greatest importance in agriculture. All 
llio constituents of the ash, as well as the nitrogenf)us compounds, 
are removed every year in considerable quantities from the soil at 
the time of harvest. Those which exist in the soil in relatively 
small quantity, such as phosphoric acid and compounds of potassium 
and of nitrogen, must be restored to it : this restitution is the object 
of manuring. 

^ § 38. Oxygen ; the Respiration of Plants. In the process 
of nutrition a large quantity of compounds of oxygen is being 
ccnstantly introduced into the plant ; and, since the assimilated 
substances which are formed from the compounds are very pocjr 
in oxygen, it follows that during assimilation a consideral)le portion 
of the oxygen absorbed in a combined form must be liberated and 
evolved by the plant. In contradistinction to this process — whicli 
is effected exclusively in the cells containing chlorophyll and under 
the influenco of light — all living parts of a plant, at all times, take 

G 
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up oxygen from the armosptrtre and give off carbonic acid. This 
process is Hespiration^ which must be clearly understood to be quite 

t distinct from the process of the f ormatipn 

of starch. The fact that green plants de- 
compose carbonic acid in the one process, 
and form carbonic acid in the other, and 
continue at the same time to increase in 
\ weight and to accumulate c;irbon-com- 
I pounds, can be simply explained thus — that 
I <■ the respiration of these plants is usually 
I feeble, while the formation of starch under 
! favourable circumstances is extremely 
fr j active. If these plants be kept in the 

j dark, they cannot form starch, and they 
I must necessarily lose weight and at length 
perish. The more vigorous growth is, the 
j more vigorous is respiration. It is abso- 
^ lutely indispensable to the life of the plant ; 

in an atmosphere deprived of oxygen all 
r I the vital processes are suspended, the 

movements of the protoplasm eease, the 
irritability of sensitive leaves disappears, 
„ ^ , as in Mimosa, Oxalis (see § 50), and at 

Fio. 08. —Apparatus for dc- » v J 

tecting the rise of teinperatui'e last the death of the plant takes place, 
in small opening flowers or gor- gy respiration force is obtained, and new 

heaped as closely as possible in chemical processes are initiated. 

the funnel r which is inserted in all other processes of oxidatiou, 

Into the month of a bottle con- i ‘j* • ii 

tainins a soluUon of caustic IS sct free by respiration m plants; 

potash. This absorbs tiio car- but as other Conditions lead to rapid cool- 

^..„ic^idpro.iucodby «spir.. • ^ temperature is usually 

tlon. The whole is enclosed in o’ ^ 

a glass vessel, and a delicate observable aS the result. A rise of tern- 

thermometer is inserted through peratiire is perceptible in special cases 
the cotton wool which closes i i • 

the mouth. The bulb of the only, m which respiration is very active, 
thermometer is plunged in in which the conditions are unfavour- 

•ere in this appnratus wifl ic to rapid cooling, as m the germination 

nigher than in another arranged of seeds which lie very closely together, 
In the same wayforcomparis) n, ,, j u v i • j i r 

«>d in which the portione of *^6 Seeds of barley in the process of 

the plant are replaced by scraps malting ; this consists in causing the barley 
of paper, etc. germinate by moisture and warmth, so 

that the starch which the seeds contain may bo converted into 
sugar; during this process a perceptible iiso of temperature occurs. 



§ J CUAPTEIt II. — MOVEMENT OF WATER OF GASES IN PLANTS. 

Durin;^ the blossomiQijf of many infloi^jscncos, as, for inRt«anco, ot 
Aroids, a rise of temperature amounting to 4°, 5°, or even 10° above 
that of tl e air has been observed. By means of suitable apparatus 
(see Fig. 08) a similar rise of temperature may be detected in 
•other jilants, even with quite small flowers, as well as during the 
germination of seeds. 

Finally, in the few cases in which Fhospliorpscenre has been proved 
to occur in Jiving plants, as in various Fungi, ejj., Atjarirna oleavins ; 
this phenomenon is intimately connected with the taking up of 
oxygen ; the Fungus is luminous only so lomg as it lives and is sur- 
rounded by an atmosphere containing oxygon. The old statements 
as to the phosphorescence of certain flowers have not been con 
firmed. 


CHAPTER II. 

THE MOVEMENT OF WATER AND OF GARES IN FLANTS. 

§ 39. The Slow Movement of Water in the Processes 
of Growth and of Nutrition. A potato-tid^or, even if kept 
quite dry, will sprout under the influence of a siilliciimtly high tem- 
perature, and in proportion to the growth of the shoots the tuber 
will become flaccid and wither, beginning at the more remote parts, 
in consequence of loss of water. This water is not only of use in 
that it dissolves nutrient substances and thus renders j)Ossible their 
transport to the apex of the growing shoot, but it is itself of use 
in the process of groAvth; for not only arc solid particles of cellulose 
deposited in the growing cell-walls, but also a certain quantity cj 
water ; and moreover, the vacuole of the growing coll containing 
cell-sap also increases in size. The water which is indispensable fo? 
these purposes is gradually absorbed from the, more remote portions 
of the tuber. As a consequence, if the tuber bo kept dry, it will 
gradually become flaccid and v/itbered ; but if it lies in damp earth, 
it takes up water from the soil, and thus water is convoyed with 
the nutrient materials to the growing parts. Water is similarly 
conveyed to the developing buds of trees, to the growing-points of 
seedlings, and generally to all growing parts of plants, from the 
nearer parts in the first instance, then from the more distant, and 
finally from the external medium. This water travels slowly from 
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cell to cell ; as the equilibl'ium between the individual cells is de- 
stroyed by the consumption of water in the growing cells, the water 
from the more distant portions of the tissue is absorbed to restore jt. 

§ 40. Transpiration. Every part of a plant which is exposed 
to the air and which is not covered by a Layer of cork or of 
cuticle, is constantly losing water by evaporation into the atmo- 
sphere. If a stem bearing leaves be placed under a bell-jar at a 
sufliciently high temperature, the glass will be soon cff.vcred with 
drops of water, in consequence of the condensation of the vapour 
given off by the plant# Transpiration is naturally the more ener- 
getic the higher the temperature and the drier the surrounding air. 
This loss of Avjxter is compensated by the absorption of water from 
the soil by the roots and its conveyance to the transpiring organs of 
the plant. On particularly hot days it sometimes happens that tlie 
leaves of trees and herbaceous plants lose more water tlian their 
roots can replace, and they droop and Avithcr. Tins drooping 
occurs cons])icuously in parts of plants which have been cut off. 
The transpiration varies in quantity according to the special 
organization of the plant and of its separate parts. The stems of 
most woody plants and trees are almost entirely prevented from 
transpiring by thick layers of cork, and trans|)iration is small in 
such stems and leaA’^cs as are covered with a thick cuticle, as the 
leaves of Agave, the stems of Ciictus, and similar plants; these 
when cut off Avither sloAvly, and they can thrive in a very dry soil. 
Tender leaves, on the conti’ary, in Avhich the cuticle is but slightly 
developed, as those of Tobacco and Pumpkin, wither as soon as 
they are removed from the plant, or if the soil becomes too dry. 

The stomata affect the transpiration of the plant inasmuch as 
they are the external openings of the intei cellular spaces into which 
transpiration takes place from the neighbouring cells, and from 
which the watery vapour escapes into the external air. 

§ 41 . The Movement of Water through the Wood. 
The AV3 ter given off by transpiration is conveyed to the transpiring 
organs from the roots, through the wood (xylem). If a ring of 
cortex be cut aAvay from a tree so that all conduction through the 
cortex is interrupted, the leaves will not wither so long as the wood 
is nninjured ; water is still conveyed through it to them. If a cut 
branch be placed in a solution of somo colonring-matter such as 
Anilin, the colouring-matter rises through the vrood with the Avater. 
That the lignified cells of the xylem serve for the conduction of 
vater is also confirmed by the fact that submerged water-plants 
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which can have no transpiration have no lignifiod elements in 
their x^dem. In the summer, at the very time when transpiration 
is most active, the wood-cells contain air; hence the water mnst 
travel, not through the cavities of the cells, but in the cell-walls. 
•The cut stems of many jjlants which are actively transpiring wither 
very rapidly, and when placed in waicr take it up only very 
slowly ; this arises from tlie circumstance that section in air dimi- 
nishes the tonducting capacity of the cut surface : if a portion be 
cut off fi’om such a stem under water, water is immediately con- 
veyed upward, and the upper portion recovers its turgidity. If 
water be forced into the stem, the same cfTcct is produced. 

The water which rises through the wood -cells to supply the 
place of that which is lost by transpiration, is taken up by the 
roots; hence the compensation depends on their activity; if their 
activity bo in any way impaired — for instance, if the soil be too 
much cooled — absorption is diminished and the plant withers : 
again, a plant when newly transplanted droops for a time, because 
the roots are incapable of taking up the requisite amount of water, 
until a now growth of hairs enables them to become closely at- 
tached to the particles of the soil. 

Leaves and stems are not capable of absorbing watery vapour 
from a moist atmosphere, or water when poured over thorn, to any 
considerable extent. It is, however, very evident that drooping 
plants recover their turgidity when they arc wetted by dew or rain, 
or if the air be moist. This is the result partly of an iiKjrcasi'd 
supply of water derived from the moistened earth, and partly of a 
diminished transpiration in consequence of the dampness of th(* 
atmosphere. 

§ 42. The Root-pressure. It is an old observation that 
Vines when pruned bleed, as it is called, in the spring — that is, that 
water escapes from the cut surfaces ; closer investigation has shown 
that this water exudes from the openings of the large vessels. 
A. similar bleeding may be observed in several trees, as the Ilirch 
and Maple, as v^ll as in all woody slirubs which arc growing vigor- 
ously and which are provided with a well-developed root-system. 
If the stem of a Sunflower or of a Tobacco plant be cut off a few 
centimetres above the ground, and if evaporation from the cut 
surface be prevented, an out-flow of sap will begin after a time, 
which may continue for several days. This water is absorbed from 
the soil and forced up into the plant by the roots often with a force 
capable of supporting a column of mercury of considerable height. 
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This root-pressure sometimes gives rise to the exudation of drops»of 
water from different parts of plants, for instance, from the tips of 
the leaves of many Aroids, and from the teeth of the leaves of 
Alchemilla vulgaris ; in the latter instance it may be observed on 
almost any summer morning, and it is usually mistaken for dew.« 
In a dry atmosphere the formation of drops is prevented because 
the water forced up from the roots is at once evaporated. 

In herbaceous plants the water forced up from the rdots contains 
only a few salts in solution ; in the Vine and some trees it usually 
holds various organic substances, and particularly sugar, in solu- 
tion. 

This movement of water, effected by the root- pressure, is particu- 
lai’ly conspicuous in the spring, and generally at the period of most 
vigorous growth. In plants which have been transpiring vigor- 
ously no water exudes from the cut surface in connection with the 
root when the stem is cut through, until after a certain lapse of 
time, when the roots have taken up a fresh supply of water. This 
proves, in the first place, that there is no root-pressure in plants 
which are actively transpiring, and consequently that the root- 
pressure does not supply the water lost by transpiration. 

A brief consideration of the phenomena which Lr, ^ e been de- 
scribed will show that there are three distinct modes in which 
water moves in the living plant ; of these, two are effected by a 
sort of suction proceeding from the spot where the water is being 
used, namely ; (a) the slow movement of the water in the processes 
of growth, and (h) the passjige of water ^irough the wood to 
compensate for the loss by transpiration. The third motion (c) is 
caused by pressure from the roots upwards, independently of any 
consumption. It must, however, be assumed that absorption is 
constantly going on at the surface of the roots, and that the internal 
tissues ^W’e so arranged that the water which is absorbed can be 
forced upAvards. 

In winter, the wood-cells contain water together with larger *or 
smaller bubbles of air ; hence it happens that if ^ hole bo bored 
into a tree in winter, when the temperature is rising, the water is 
driven out by the sudden expansion of thgse air bubbles ; if, on the 
other hand, the temperature is falling, their contraction causes an 
absorption of water. 

§ 43. The Movement of Gases in Plants. Wo have seen 
that every living vegetable cell takes up oxygen, and that the cells 
which contain chlorophyll consumo carbonic acid. Now these gases, 
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iu order to roiicdi the interior of the cells, must penetrate the cell- 
walls, and this is effected by diffusion ; they are dissolved by the 
welter w-hi«h saturates the cell- walls, and are conveyed by it to the 
point whore they are to be consumed. In like manner the cells 
lose by diffusion the gases evolved within them ; oxygen as a pro- 
duct of the decomposition of carbonic acid, carbonic acid as a 
product of respiration. 

Not only^ do gases thus circulate by diffusion, but they also move 
freely in the air-passages which usually occur in the tissues of 
plants, sucli as the intercellular spaces, the vessels (at any rate in 
summer), and the cavities formed by rupture, as in the stems of 
Grasses, UmbelliferaB, etc. These all communicate with each other 
and, in terrestrial plants, with the outer air by means of the 
stomata. If air be forced into a leaf which has a large number of 
stomata — for instance, by placing the blade of the leaf in the mouth 
and closing the lips tightly round the petiole — bubbles of Jiir will be 
seen to escape from the cut surface of the petiole, if it bo j^laced in 
water, which come out of the openings of the vessels. The converse 
of this experiment is not equally successful, because the stomata of 
the leaf when immersed become closed by water held by capillary 
attraction. 

A constant interchange is always going on by diffusion between 
the air contained in these spaces and the contents of the cells ; the 
composition of the air is thus continually changing, and currents arc 
set up between it and the outer air. This movement of the air in 
the internal cavities is promoted by the swaying of the plant under 
the influence of the wind, as well as by variations of temperature. 

Submerged water-plants have very large cavities filled with jxir, 
which do not communicate with the atmosphere by stomata ; an in- 
terchange of gases cannot take place directly between the indivitbial 
cells and the atmosphere, but it takes place partly between the cells 
and the surrounding water which holds gases in solution, and partly 
, between them and the air contained in the air-chambers. The gases 
frequently collect in these chambers in such volumes as to set up a 
pressure sufficiently great to rupture the surrounding tissues. 
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CHAPTER IIL 
GROWTH. 

§ 44. The Process of Growth. Plani:» and tlicir organs 
grow, that is, they increase in bulk and at the same time alter in 
form ; these changes, which are permanent, are brought abont by 
internal processes. A portion of a plant which has become withered 
increases in volume when placed in water, but this is not growth; 
for if water be again removed from it, it returns to its former 
dimensions, and evidently no permanent change had been effected. 
But the case is quite dilferont with a ripe seed ; if it be supplied 
with wfiter it will germinate, that is, the embryo contained within 
it will begin to grow, and will escape from it. In this case perma- 
nent changes have taken place, and consequently no removal of water 
will restore the seed to its former condition. 

The most important of the internal processes which directly cause 
those permanent changes is the intercalation of new paHicles of 
solid matter as well as of water in the growing cell- walls, by the 
activity of the protoplasm. 

The presence of plastic material is an indispensable condition of 
growth, but this does not necessarily imply that the nutrition of a 
growing plant depends upon the simultaneous absorption of 
nutritious matters from without ; on the contrary, the young grow- 
ing parts of a plant are usually supplied with plastic material from 
the older parts wliich have ceased to grow. These older parts may 
bo reservoirs of nutriment, as the tubers of the Potato, or they may 
bo factories of nutriment, as the leaves in annual plants, e. 7 ., the 
Tobacco ; hero the full-grown leaves form starch, and the stem and 
yopng leaves grow at the expense of the plastic material thus 
elaborjited. 

A second indispensable condition is the presence of water. This 
is required not merely to enter into the formation of the cell-wall 
and to convey the plastic materials, but to maintain the cells in a 
state of Turgidity, without which growth is impossible.*^ The turgid 
condition is brought about by the endosmotic absorption of so much 
water that the elastic cell- wall is rendered tense by the hydrostatic 
pi’cssure. As a consequence, the solid particles composing it are 
forced as far as possible apart from each other, the intermediate 
[luid areas are enlarged, and the intercalation of additional solid . 
pari ides is rendered possible 
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.§ 45. The Growth in Length of Stems, Leaves, and 
Roots. Growth is brought about by inte^’nal causes; there are 
paj'ts of '^^ilants which, when they have attained a certain size and 
shape, are incapable of any further growth ; otliers, as the nodes of 
• Grass-stems, may begin to grow again under certain circumstances. 
Growth is influenced by external conditions, such as moisture, 
warmth, light, and gravitation. It will be advantageous to study, 
in the first»»place, the course of growth when it is not aiTected by 
these external influences. Of tliis, the roots offer the simplest ex- 
amples. In a growing root three regions may be dist iiiguislied : 

I. The growhig-pohif, where new cells are being formed in great 
numbers from the primary tissue (meristern) by repeated division, 
but where no considerable increase of their size takes place. 

II. The elongating portion, that is to say, the part in which 
growth, chiefly in length, is talcing place ; in this region the cells 
are increasing considerably in size, and cell-division occurs only in 
relatively small proportion. 

III. The fnllg-developrd portion, in which various modifications of 
the cells take place, but no further growth. 

Stems which attain a considerable length grow much in the same 
way as roots ; in them also, «as in roots, a mass of cells is formed by 
<livision at the apex, which undergo elongation at a lower level, and 
at a still lower cease to grow altogether. When, however, a stern 
possesses clearly defined internodes (see § 2), a further complication 
takes place, for within each internode similar stages of growth 
are exhibited; moreover, the nodes cease to lengthen at an early 
stage, whereas the internodcs continuo to grow for some time 

Most leaves consist at first of primary tissue, the cells of which 
are undergoing division ; they attain their full development in 
different Avays, but in all cases no part of the primary tissue re- 
mains as a growing-point so as to provide for continued growth. 
These three stages, the preparatory, the growing, and the final, are 
successively gone through by each individual cell. So soon as it 
has been formetj from the primary tissue, it begins to elongate in 
order to attain its definitive length. It grows at first slowly, hut 
the rapidity of its growth gradually increases until at a certain 
period the maximum is reached ; it then gradually diminislies, and 
the cell finally' ceases to grow. This periodicity of growth is co- 
incident in all the cells which lie at the same level, so that in a 
growing part of a plant there is a certain zone where growth is 
most vigorous, and on each side of it the rapidity diminishes. 
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Every part of a plant exhibits a grand jperiod in the rapidity 

of its growth: it begins to grow slowly; at a certain time it 

grows with a maximum rapidity p after tliis 

the rapidity of growth gradually diminishes 

until the whole organ is fully developed. , 

Apart from the increase and diminution in 

the rapidity of growth, the time must be 

taken into account during which: an organ 

can continue to grow, as well as its capability 

of^ attaining a certain length. For instance, 

it is easy to observe that the lower internodes 

Fio. CO. — The growiaj! stems remain short ; that those above 

primary root of the Pea in them are longer ; that those of a ceidiain part 

®’’® *^® longest; and that the 

ranees. In B the differences Upper ouGs again are short. In the same way 

in rapidify of growth are gj^e of the leaves attached to these various 
perceptible: the uppermost 

lines have not been sepa- parts of the stem increases from below to 

rated ; the root has ceased about the middle, and then diminishes. 

to grow here. Tho lowest r\ x- r 

likewise are still close togo- § 46 . Th6 PfOpCrtiCS Of GrOWIIlg 

ther. At tho growing-point PartS. If a stem which has ceased to grow 

iMKun. In th. intermediate “ ‘*8 portion, but which IS still grow- 

80I1C the elongation has beou ing at its upper part, be strongly bent, on 
very great. being released the fully-grown portion will 

resume its original position, whereas the gro wing part will retain 
the curvature given to it. From this it appears that the growing 
parts of a plant are highly flexible but imperfectly elastic. This 
explains the following experiment : if a sharp blow he given to the 
lower rigid part of a growing shoot of the Meadow Thistle (jOardnus 
pratensis), for instance, or to a strong shoot of the Raspberry, the 
upper growing portion becomes sharply curved ; this curvature 
persists after tho shoot has come to rest, in such away that the 
apex is inclined towards the side from which the blow came. 

If a growing iutemodo be divided longitudinally down the middle, 
the two halves separate widely ; this is duo to the fact that the pith 
fends to elongate more than tho other tissues, and is prevented from 
doing so by them ; as far as their extensibility allows, these tissues 
are stretched, and in this way tensions are set up. If the various 
tissues be completely separated from each other with a sharp knife, 
each will acquire a diEerent length; the pith becomes longer than 
the internode originally was ; the outer tissues retain tho same 
length or shorten, in which case tho epidermis contracts the most. 
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. § 47. The Influence of External Conditions on Growth 
in Length. The most important of these is Molshire, If the cells 
of an crgan be not tensely filled with water (turgid), that organ 
will not grow at all. 

With regard to the dependence of growth upon Temperature^ it is 
to be observed that the more favourable the temperature the more 
rapid is the growth. In general, the account given in § 51 of the 
relations^exi sting between temperature and the vital functions of 
the plant holds good with reference to growth. 

exercises a retarding influence on growth. It is an old 
observation that those stems which develop in the dark — for in- 
stance, potato-shoots in a cellar — grow to a much greater length, 
that is, they have much longer internodes, than those which grow 
normally in the light. Plants which have grown in darkness, and 
which are therefore abnormal in form, are said to be etiolated. Their 
internodes are very long, their leaves are not green but yellow, and 
usually much smaller than the normal leaves ; this is due to a morbid 
eonditicn induced by the absence of light, for the presence of light is 
an essential condition for the performance of certain important func- 
tions. The retarding action of light on growth also causes the 
curvature of stems which have been illuminated on one side only 
during thoir growth, as, for instance, in the case of plants grown in 
a window. The feebler the light to which it is exposed, the longei* 
will an internode become; so, when the light comes from one side 
only, the side of the stem most remote from the source of light is 
more feebly illuminated, and consequently grows longer than that 
which is nearer to the source of light; as a necessary consequence, 
thef stem will curve in such a way that the concavity is directed 
towards the source of light. This property, which is exhibited by 
most organs, is known as positive hellotropism. Petioles are always 
positively heliotropic, and when illuminated from one side only, 
they curve in such a manner that the upper surface of the lamina 

, is always turned towards the light ; in this process, however, other 
properties algo take part. In contrast to positive hcliotropism, a 
negative heliotropism is exhibited by a few vegetable organs — e,g.^ 
the older internodes of the stem of Ivy and many roots — which 
curve away from the source of light in consequence of the moi'e 
vigorous growth of the more strongly illuminated side. The nature 
of heliotropism is not yet perfectly known. 

Qravitatim also influences growth : it is manifest that most stems 
and trees grow straight up from the' earth’s surface at all parts of 
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the globe, in the direction of a prolonged radius of the sphere ; in. 
the same way roots, and particularly primary roots, grow straight 
downwards, and branches and leaves grow outwards at •certain 
angles. If a growing stem be placed in a horizontal position, the 
growing portion carves (Fig. 70 s) so that its tipper surface be- 

comes concave, its lower 
convex, and it is said to 

be negatively geotrofic ; con- 

sequently the free end is di- 

V / ^ rected upwards and continues 

to grow in a vertical direc- 
I tion. In the same way the 
« 3 .... lifrowinjif end of a root laid 

Fio. 70.— Cnrvatiire caused by Rravitation m ® 

a seedlin" of the Pea placed liorizontally; the horizontally CUrves down- 
darker outline Bhowa the original line of growth; (Fio*. 70 * it is 

8 stem which has curved upwards (negative geo- c • 7 * 1 

tropism); 10 the root which has curved down- therefore positively geotropic* 
wards (positive geotropiam). If means of appropriate 

apparatus germinating seeds be caused to rotate round a centre 
in a vertical plane (Knight’s machine), the roots obey the 
centrifugal force, as they do gravitation under ordinaiy circum- 
stances, and -grow away from the centre in the radial direction; 
while the stems, on the contrary, grow towards the centre, in ■ 
opposition to the centrifugal force. That the force which de- 
termines the direction of growth of parts of plants under ordinary 
circumstances is in fact gravitation, is not only indicated by the 
coincidence of the direction of the growth of the axes of plants 
with the radius of the earth at all points of its surface, but it can 
also be proved by direct experiment. Thus if plants are withdrawn 
from the influence of gravitation by being made to rotate slowly, 
so 'that at every moment the force of gravitation is acting upon 
them in a new direction, the effects produced ^y the action of 
gravitation in successive periods of time neutralise each other, the 
plants — roots and stems alike — will grow in indeterminate direc- . 
tions. ^ 

§ 48. Bilateral Structure of Plants. Many plants are so 
organized that their different surfaces do not grow equally ; thus 
in young leaves the under surface at first grows more vigorously 
than the upper (hypcniasty), so that they lie folded over the end of 
the stem, and their subsequent unfolding is occasioned by a more 
vigorous growth of the upper surface (epinasty). This unequal 
growth depends wholly on interna] causes and not on external 
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jnflneiices. Usually those phenomena are exhibited by two sur- 
faces, and such portions of a plant are said to be bilateral. But 
there are* also parts of plants which become bilateral under the 
action of external influences ; organs, that is, the surfixces of which 
grow unequally because they are not equally sensitive to the action 
of these external influences. 

The co-operation of the internal causes, that is, the tendency 
towards bilateral structure, with external influences such as light 
and gravitation, gives rise to the varieties of position wliieh the parts 
of plants assume in nature, particularly the horizoni-al or oblique 
direction of stems, branches, leaves, lateral roots, and so on. 

It is by unequal growth that those movements are produced 
which are expressed by the word Nutallon. If tlio movement takes 
place only from behind forwards, or from right to left, in con- 
sequence of the alternately more vigorous growth of the posterior 
or right side and of the anterior or left side, the iiiitaiioii is siviplG ; 
but if it occurs in every direction, in consequence of the more 
vigorous growth of each side in succession, the nutation is said to 
be revolving. 

Revolving nutation is very conspicuously exhibited by climbing 
plants, e.y., the Hop, Bean, Bind- weed, etc. (v. h'ig. 15 B). So 
long as the growing end of such a stem docs not como into contact 
with a support, the revolving nutation carries it round in a circle. 
If in the course of its nutation the anteidor surface of the stem 
comes into contact with a support which is not too thick, the 
movement of nutation is altered in such a way that the apex 
of the stem, as it grows, will describe an aseending spiral around 
the prop as its axis ; then the turns of the spiral become steeper 
and narrower, and cling tightly to the support. Most climbing 
plants twine to the left, that is to say, tho spiral ascends from 
left to right ; only a few, as the Hop, twine to the right. 

In climbing stems it is immaterial which surface comes into 
contact with the support : in this respect they'diifer from Tendrils^ 
of which usually one side, and that tho under side, is capable of bf 
coming concave as the rcsidt of contact with a support. They curve 
in consequence of the contact, which acts upon them as a stimulus. 
As a result of the curvature thus induced, fresh portions of the 
under surface are brought into contact with tho support, and the 
curvature continues until at last the whole free portion of the 
tendril is wound round it. The stimulation Avhich is effected by 
the pressure is propagated through the portion lying between the 
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support and the base of the tendril : this portion then contract^ 
and assames the form of a cork-screw, thus drawing the stem close 
up to the support (Fig. 15 A s). These curvatures of riiinbii^g 
plants and of twining tendrils are accompanied by torsion^ that is, 
by a twisting of the organ round its own axis of growth. Torsion 
may be produced in various parts of plants, partly by external and 
partly by internal causes ; thus, to give one of numerous instances, 
horizontal or oblique branches with opposite decussate l^^aves may 
be found in which the leaves appear to be arranged in two rows 
only in consequence of the torsion which the internodes between 
the pairs of leaves have undergone. 

The alternate opening and closing of many flowers, such as the 
Ci’ocus, is likewise an effect of bilateral structure. The lower 
parts of the petals are still in a growing condition and are highly 
sensitive to changes of light and of temperature, so that when the 
temperature is rising and the light increasing, the inner side grows 
the faster and the flower opens; as the temperature and light 
diminish, the outer side grows the faster and the flower closes. 

§ 49. Growth in Thickness of Woody Plants. The 
processes of gi’owth in the cambium which lead to an increase in 
size of the wood and of the bast (§26) are subject, like those of 
growth in length, to certain specific internal laws. Thus in the 
Yew, for instance, very small annual rings are formed ; its growth 
in thickness is very small in comparison with that of Willows, 
Poplars, Elms, etc. Again, the first annual rings of a young tree 
are much narrower than those subsequently formed. 

Growth in thickness is very obviously dependent upon the 
quantity and distribution of the nutrient substances formed in 
the leaves. If a tree loses many of its leaves — as, for instance, 
when attacked by locusts — ^the formation of new wood is con- 
siderably diminished. The extent of the formation of new wood 
is not to be measured by the width of the annual ring, but by its 
cubic content ; for it is clear that the same amount of material 
will give rise to rings, the width of which will vary with the 
diameter of the wood already in existence. Trees which bear 
branches and foliage down to the ground naturally have a larger 
supply of material for the formation of new wood in their lower 
than in their upper parts, and, as a consequence, the increase in 
size and the breadth of the rings of wood are greatest below, so 
that the stem has a distinctly conical form. On the other hond^. 
those WGB which bea» a crown of leaves at the apex of a lo;^ 



f§50.] CJHAPTER IV — IRRITABILITY OF MATURE ORGANS. 95 

bare stem, even on the assumption ttlat the material is equally 
distributed and thai the growth in thickness is consequently uni- 
form throughout, exhibit wider rings in their upper than in their 
lower part ; the form of their stems is nearly cylindrical. 

• The pressure exercised by the cortex, rendered tense by the 
growth in diameter of the wood, has an important influence upon 
groAvth in thickness. When this pressure is groat, tlio increase of 
the wood is less than when the pressure is small. This explains 
the increase in thickness exhibited by trees when planted out, 
before any important extension of the foliage can have taken place. 
The cortex, which had liitherto been in moist air in a confined 
space, is now exposed to the sun and to dry air ; it becomes brittle, 
and therefore can exert only a slight pressure. The pressure of 
the cortex has been shown experimentally to be the cause of the 
formation of spring- and autumn-wood. In consequence of the 
growth of the wood during the summer the pressure of the cortex 
. becomes considerable, and, as the result, a smaller number of vessels 
are formed in the wood, and the external layers of wood-cells 
become flattened. In the spring the pressure diminishes in con- 
sequence of the rupture of the cortex, which has become dry 
during the winter, by the wood which absorbs considerable 
quantities of water and therefore swells. That most trees cease 
to grow in thickness about the middle of August is to be attributed 
to the fact that the pressure of the cortex attains its maximum at 
that time. With reference to the relation existing between growth 
in thickness and temperature, it may be mentioned that the cam- 
bium of roots which have penetrated to some depth into the soil 
is active even in winter. 


CHAPTER IV. 

• THE IRRITABILITY OF MATURE ORGANS. 

§ 50. The curvatures and movements which have hitherto 
been considered are only manifested so long as the organs in 
which they occur continue to grow. But there ai’e many organs, 
particularly leaves, in different plants, which perform movements 
even after they are fully grown. The internal processes which 
produce them are highly complicated; they essentially depend 
Cyion an expulsion of water, in consequence of stimulation, from 
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the cells of one side of a particular part of the petiole which U 
^he actual motile organ. 

The full-grown leaves of many plants change their position morn- 
ing and evening, so that a diurnal and a nocturnal position may be 
readily distinguished. In the nocturnal position the leaves are 
usually drawn together ; in the day position, on the contrary, they 
are widely expanded. These movements are best known in the 
case of tho Sensitive Plant Q/Iimosa pudica) ; the pmnje of the 
.eaves of this plant fold together upw^ards in the evening, whilst the 
leaf-stalk bends downwards. Tho motile organ is the pulviif^as 
which lies at the base of the racliis and of each pctiolule. Smiilar 
phenomena may be observed in many other leguminous plants, such 
as the false Acacias and tho Bean. The leaflets of tho Wood-sorrel 

(Oxalis Acetosella) fall 

downwards in the evening 
and expand again in the 
morning (Pig. 71), and 

thoso of other plants behave 
in a similar manner. 

This periodicity is deter- 
mined by variations in the 

intensity of light and by 

changes of temperature. An 

(N). In the latter, each leaflet is folded inwards ^ ^ ^ ^ ^ 

at right angles along its midrib, and is also bent iucreaso in the intensity of 
downwards. ^ of temper- 

ature effects the assumption of the diurnal position, and vice versa. 

These leaves possess also a periodic motion, effected by internal 
causes, which only becomes evident when the plants are kept for 
some time in continuous darkness; it is then seen that the loaves are 
inconstant though not very vigorous movement. It appears, there- 

fore, that exposure to light tends to arrest the spontaneous move- 
ments, and to cause the leaves to take up the diurnal position. 
This is known as the paratonio action of light. In some few plants 
these proper periodical movements, due to internal causes, are ex- 
hibited under ordinary conditions if only the temp'erature is high 
enough. The lateral leaflets of the leaves of Hedysarum (Desmo- 
clium) gyram, for instance (a papilionaceous plant from the East 
Indies), constantly perform circhlar movements which are repeated 
in from two to five minutes. 

Among tho leaves which exhibit periodic movements there are a 
few which possess this^peculiarity, that contact with a foreig»i body 
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causes them to pass from the diurnal td the nocturnal position : this 
is particularly conspicuous in the leaves of Mimosa pudlca. 

The staijiens of many flowers, e.g., of Berberis and Centaurea, are 
sensitive only to contact ; those of Berberis when at rest are ex- 
tended widely apart ; if they are touched on their inner surfaces 
Ihey bend concavely inwards so as to approach the stigma : those 
of Centaurea contract when touched, and thereby agitate the whole 
infloresceijce, for they are inserted upon the tubular corolla. The 
florets are closely aggregated in the capitulum, and, if the hand 
is lightly passed over it, an active tremulous movement of all the 
florets occurs. 

The hair-like appendages (tentacles) of the leaf of Droserti (Fig- 
72 A)^ each of 
which bears an 
apical gland, curve 
inwards when a 
foreign body 
touches the glands, 
or if they arc 
moistened with a 
nitrogenous fluid, 
in such a way that 
the apical glands 
are collected to- 
gether at the centre 
of the leaf. By this 
means small insects 
which have been 
caught by the viscid secretion of the glands arc conveyed to the 
middle of the leaf, and are there brought into contact with ^is 
many of the glands as possible ; their secretion dissolves all the 
nitrogenous constituents of the insect, and these are absorbed into 
the plant. Other carnivorous plants have still more complicated 
motile mechanisms for the same purpose. 

In order thjft movements of the leaves mjiy take place, the plant 
must possess a certain degree of irritability. Long-continued ex- 
posure to darkness, or to too high or too low a temperature, or the 
action of chemical or electrical stimuli, induces a condition of 
rigidity : when this is the case, no stimulus will produce any move- 
rn*'ut. 




Fig. 72.— Leaf of Drosera roiundi/oiia. A Expanded, d the 
tentaclcH of the edge of the leaf; m tlie stoutly-stalked glands 
in the middle. S All the tentacles have hent towards the 
middle at the touch of an insect, x. 
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CHAPTER V. 

t o 

THE GENERAL CONDITIONS OF PLANT-LIFE. 

§ 51. Temperature. As, with a few exceptions, the evolntion 
of heat within the plant itself is extremely slight, its temperature 
depends almost entirely upon that of the surrounding^ medium; 
equilibrium is set up between it and the plant partly by conduction 
and partly by radiation. Since plants are bad conductors of heat 
— that Ls to say, they undergo changes of temperature very slowly 
— when the changes in the temperature of the air are rapid and 
extreme, the temperature of a plant is frequently different from 
that of tlie air, either higher or lower ; but when the changes are 
slow, as is the case when the surrounding medium is water or earth, 
the temperature of the plant is very nearly the same as that of the 
medium. As regards radiation, it is an important cause of changes 
of the temperature of plants, particularly of leaves. When the sky 
is clear, these organs become much colder than the surrounding air, 
particularly at night, in consequence of radiation, and it is on this 
fact that the formation of dew and hoar-frost depends. A further 
cause of the cooling of those parts of plants which have a consider- 
able extent of surface exposed to the air, is evaporation, which 
operates chiefly by day, and tends to reduce the temperature of the 
leaves below that of the surrounding air. 

Every process going on within a plant is connected with a certain 
range of temperature, that is to say, there is a certain minimum de- 
gree and a certain maximum degree of temperature, below or above 
which the process in question cannot take place. This obtains for 
growth, for the formation of starch, for the movements of protoplasm, 
for the activity of the roots, and so forth. Between these limits — 
the maximum and minimum — there is for every function an optimum 
temperature^ different for every plant, at which that function is per- 
formed with the greatest activity. Thus, when the temperature is 
rising to the optimum, at every degree it is more favourable ; if it 
rises beyond the optimum towards the maximum, at every degree it 
becomes less favourable to the performance of any particular function. 

It may be generally assumed that all the vital processes of our 
indigenous plants begin at a certain number of degrees above 
freezing-point ; that up to 25® or 30® C. they increase in intensity 
and reach their optimum at about 80®; that their activity diminishes 
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ftom 30® to 45®, and that they wholly cease at about 50®. In plants 
of warmer climates the lower limit is considerably higher; thus a 
Gourd will not germinate at a temperature below 13° C. 

Death, caused by exposure to too high a temperature, is affected 
, by the presence of water; thus, while dry peas lose their germinating 
power only after exposure for an hour to a temperature of over 70® 
C., they are killed at a temperature of 54® if they are saturated 
with watef. Most parts of plants will not bear a higher temperature 
than about 50® C. in air or 45® C. in water for any length of time. 

The freezing of plants, that is, their injury or death by cold, only 
occurs if the temperature of the plant falls some degrees (in some 
cases even many degrees) below the freezing-point, and if at the 
same time the plant is in a condition to become frozen. Many plants 
aro not killed by fro.st, such as Lichens and many Mosses and 
Fungi ; just those plants which can also bear drying up without 
suffering any damage. The dry parts of plants in general, most 
seeds, for instance, and the winter-buds of trees, are not at all sen- 
sitive to cold, whereas, if they contain a considerable quantity of 
water, as is the case when buds aro in process of development and 
in succulent parts of plants, they freeze 
very readily. If an organ containing 
much water bo exposed to cold, a cer- 
tain quantity of water, proportionate 
to the depression of the temperature, 
escapes from the cells and freezes on 
their surfaces, and tho tissues contract 
in proportion; the water does not freeze 
inside the cells. The frozen water 
lOrms an incrustation upon the cells {K 
Fig. 73) of distinct c^rstals lying parallel 
{fO each other coc asting of almost pure 
ice, for the substances held in solution 
by tho water are retained by the re- 
maining cell-sap, which becomes; there- 
fore more concentrated. It is certain 
lihat a great many plants aro not injured by this formation of ice 
in itself, for, if the thaw is slow, the cells reabsorb the water and 
return to their normal condition. But if the thaw is effected ver^ 
quickly, tho largo quantity of water which is suddenly formed 
cannot be absorbed with sufficient rapidity by the cells, and it 
collects in the intercellular* snaces: it either induces decay in the 



Fio. 73.— Trans verso section of a 
frozen leaLstalkof Cynara Scolj/miw: 
) the detached epidermis ; g the paren- 
chyma in which lie the transverso 
KCtioiisof tho fibro-vascuiar bundles 
(lea white). The incrustation of ice 
,K K) consisting of donsoly-crowded 
prisms (tho cavities of the ruptured 
issue are left black in the Agure). 
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plant or it escapes and is' evaporated, and the plant dries np. 
However, many parts of plants, as the leaves of the Pumpkin, 
cannot be preserved from death even by the most careful t?iawing. 

Frost causes radial splitting of the stems of trees : the fissures 
close up when the temperature rises, but healing can of course take 
place only in the cortex. The splitting is due to the unequal con- 
traction of the wood, that of the external parts which contain much 
water being the greater. 

Cold exercises a peculiar influence on many green leaves; the 
twigs and leaves of Thuja, Ilex, and others, turn to a reddish brown 
colour in the cold, and become green again under the influence of 
warmth. This change of colour, usually from green to a light brown, 
results from a modification of the chlorophyll itself, and must not be 
confounded with the red colour that many leaves assume in autumn 
and wintei’, e.r/., of the Virginia creeper, and which is duo to the 
presence of a colouring- matter in solution. 

§ 52. Light, as has been seen, is indispensable to the formation 
of starch ; but when that process has been accomplislied, the sub- 
sequent processes of metabolism and growth can go on without the 
aid of light, though they may bo more or less alTected by its 
influence. Shoots can grow from organs containing supplies of 
nutrient material, such as potatoes, in complete darkness : the 
growing end of the stem of a vigorous plant, if introduced into a 
dark chamber, will produce leaves, flowers, and fruit ; its nourish- 
ment being supplied by the lower loaves which remain exposed to 
the light. If the modifying influence which light exercises on 
growth, metabolism, and similar processes, be considered, five sets 
of effects may bo distinguished, which are produced by the action of 
light upon thQ- vital processes of plants. These fall under two 
beads : — I. The chemical effects^ which are produced for the most 
part by the less refrangible (yellow) rays of the spectrum (in this 
respect they contrast strongly with the chemical action of light on 
salts of silver) ; and II. The mechanical effects, which are produced 
chiefly by the highly refrangible (blue) rays of the spectrum. 

The chemical effects are — ^ 

I. The formation of chlorophyll ; this is in so far dependent on 
light that the colouring-matter cannot acquire its green hue, but 
remains yellow, although the particles of protoplasm which con- 
stitute the chlorophyll- corpuscles become differentiated from the 
rest of the protoplasm in the dark. The co-operation of light is 
indispensable to the for/nation of the gi*een colouriiig-matter, and 
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tliis effect is not exclusively confined to the rays of low refrangi- 
Ijlility, but is produced to some extent also by those of high 
rofrangibility. In only a few cases — as the seedlings of Conifers 
and the leaves of Ferns — do the organs of plants turn green in the 
dark. It must not be forgotten that the formation of chlorophyll 
depends also on the temperature, and will not take place if it be too 
low ; hence the shoots of plants which break through the soil in 
very early spring may remain yellow if the weather is cold, in 
spite of the exposure to light, until wanner weather sets in. 

II. The dependence of the foniiatloii of starch on light has already 
been pointed out (§ 33) ; the infl^uence of the rays of high refrangi- 
bility is here very slight. 

The wechaniciil effects are — 

III. The phenomenon that in many plants a strong light pro- 
duces a fading of the colour of leaves and other green parts, while 
those which are shaded reniJiin a dai'k green. It has been ascer- 
tained that this change of colour is due to a change in tlio position 
of the chlorophyll-corpuscles in the cells effected probably by the 
protoplasm. It appears that when the cells are exposed to dilfuse 
daylight, the chlorophyll-corpuscles collect on the upper and lower 
walls of the colls, or rather, they arrange themselves in planes per- 
pendicular to the direction of the incident ray (eptf^trojihe) ; but 
when the cells are exposed to bright sunlight, the chlorophyll-cor- 
puscles collect on the lateral walls of the cells, or rather, arrange 
themselves in pianos parallel to the direction of the incident ray 
{apostrophe). Removal of the leaves from dilTuse daylight into 
darkness also produces apostrophe. Many zoo-spores move towards 
the light while others, on the contrary, avoid it. 

IV. Cell-division is independent of light. It frequently proceeds 
in parts to which no light can penetrate — as in many growing- 
points and in the cambium — with as much activity as in other parts 
which are fully exposed to light, as frequently in the formation 
af stomata. On the other hand, the growth of all those organs 
which are positively heliotropic is greatly influenced by light ; that 
is to say, that it is considerably retarded this elfcet is produced by 
the more refrangible rays exclusively. 

V. Light acts on irritable motile organs in two ways ; in the 
first place an increased intensity of light induces the assumption of 
the diurnal position {paratonic action) ^ in the second place the con- 
dition of irritability is intimately connected with the normal expo- 
sure of the plant to the influence of light {phototonus), {See § 50.) 
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§ 53. Gravitation. All plants and all parts of a plant are 
naturally subject to the action of gravitation. It has already been 
pointed out (§ 47) hoAV this influences the direction of*g?owth 
the organs of plants producing the phenomena of Geotropism. 
Plants exhibit various adaptations for the purpose of maintaining a 
definite relation between the weight of their different parts and the 
discharge of their functions. Tho rigidity of their woody tissue 
enables boughs to support the weight of their leaves and fruit; 
climbing and twining plants avail themselves of foreign bodies for 
the same end. Water-plants have various appliances, such as air- 
containing spaces, very much elongated stems, etc., for raising the 
different Y)arts to the surface of the water. The seeds and fruits of 
many plants are provided with hairy, feathery, or winged append- 
ages to facilitate their transport by the wind. 

§ 54. Electricity. The many ehcmicfil processes which go on 
in plants must be accompanied by electrical phenomena. As plants 
are good conductors, the difference of the electric tension of earth 
and air is equalised by moans of them : that tins is the case is 
shown by the fact that tall trees are frequently struck by lightning. 
Beyond this little is known. Highly electrical conditions of tho 
atmosphere act npon sensitive leaves, as those of the Mimosa, like 
mechanical stimuli; and protoplasm, when stimulated electrically,' 
exhibits no special phenomena which might not be produced by 
other means. 


CHAPTER VI. 

RErRODUCTION AND ALTERNATION OF GENERATIONS. 

§ 55. Reproduction. Many plants are reproduced by bulbils 
(see § 5) which become separated from them ; a similar mode of 
multiplication is effected by stems — ^more particularly under-ground 
rhizomes, creeping stems and such like — which branch and con. 
stantly die away from behind forwards so that tho lateral shoots 
become so many isolated and independent plants. ^The branches, 
and even leaves, of many plants, when artificially severed from 
them, will take root nnder favourable conditions, and form new 
plants. Aigpin, many unicellular plants multiply by division. 
These various modes of propagation may be grouped together 
under the head of vegetative reproduction. 

But, besides this, all plants, with the exception of a few of the 
lower Algee and Fungv exhibit true re^rodactiov^ that is, repro- 
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(Juction by means of special cells. Thfcse cells may be prodneed in 
two ways : 

(a) isexually : The reproductive cell formed in this manner is 
capable, by itself, of giviii" rise to a new individual. 

In the Thallophytcs these cells arc known by a variety of names, 
such as teleiitoaporeSy uredoapores^ sjmridta, stylosptnre-^^ tetraspores^ 
zoospores (when they are motile), comdia, or simply as spores. 
In the ]\Iuscihe89 and in the Vascular Cryptogams they are also 
termed spores, but in the Rhizocarpem and in the Selaginelloro 
two kinds of spores are present, which are distinguished, on 
account of their relative size, as microstores and macrospores ; 
these plants are therefore said to be helerospuroas. In the 
Plianerogams the pollen-grains represent the microsporcs, and, like 
them, are set free from the parent plant : the macrospores find their 
representatives in certain structures which are contained in the 
ovule, but which are not set free from the parent-plant. I'hcse 
spores are, however, not always unicellular; those of some Fungi 
are multicellular, as are also the pollen-grains of Phanerogams. 

(&) Sexually : The reproductive cell formed in this manner is 
essentially the result of the union of two specialised reproductive 
cells, neither of which, by itself, is capable of giving rise to a new 
individual. 

The details of the process of union are not tlie same in all groups 
of plants, and a prefix is added to the word “ spore ” to indicate 
the precise mode in which the sexually-produced reproductive cell 
has been formed in any particular case. In most Cryptogams the 
coalescence takes place between two cells which differ greatly both 
in size and form, of which one is the male and the other the female, 
which are developed in special organs termed anther idi a (male) 
and archeyonia or oogonia (female). The process is then tern:^cd 
fertilisation. In this case the male cell is a small mass of proto- 
plasm, usually without a cell-wall, but endowed with spontaneous 
motility, which is termed an anlherozold : it penetrates into tlie 
female reproductive organ and coalesces with the female cell, the 
oosphere, whicli is likewise a naked primordial cell, but is much 
larger than the antherozoid and is not motile. As a consequence of 
fertilisation, the oosphere becomes sarrounded by a cell- wall, and 
is then termed an oospore. 

But the differentiation of antherozoid and oosphere is not so 
k50mplete as this in all plants. In the Peronosporem, for insf ance, 
the oosphere is differentiated but the antherozoids are not ; the 
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protoplasmic contints of the male reproductive organ, whicjj 
Fertilise the oosphcre, are quite undifferentiated. This is the case 
also in Phanerogams; here the fertilisation of the oosvphere ,is 
effected by means of the undifferentiated protoplasmic contents 
of those outgrowths of the pollen-grains which are known as 
pollen-tnhes. In tho Lichens and in the Floridese the ceils corre- 
sponding to the antlierozoids of other Cryptogams are provided with 
a cell-wall and are not motile, and in these plants also there is no 
distinctly differentiated oosphcre in the female reproductive organ. 
In the other Ascomycctes in which sexual reproduction is known 
to occur, neither anthcrozoid nor oospliere is differentiated, but 
the male and female reproductive organs coalesce. These last- 
named groups of plants have this peculiarity in common, that the 
product of fertilisation is not a single cell, but a number of cells 
usually contained in a fructification and tliereforo termed carpo- 
!iporeSj those of the Ascomycctes being further distinguished, on 
account of the mode of their development, as a^scospores. In cer- 
tain Alg 80 and Fungi (Zygospore®) the two cells which coalesce are 
usually similar in size and form, and they are either both stationary 
or both motile ; in this case the process of union is termed conjtKja- 
tion, and the resulting cell a zygospore. It is of course impossible 
to say with certainty which of the coalescing cells is male and 
which female. 

In the Thallophytes the sexually-produced reproductive cell 
(oospore, zygospore, carpospore) is set free from the parent-plant 
before it germinates: in tho Mosses and Vascular Cryptogams the 
oospore developes whilst still included in parts of tho parent-plant ; 
in the Phanerogams also it developes to a certain extent and forms 
the emlmjOy but at this stage its development is arrested, and it is 
thpn thrown off, together with certain parts of tho parent-plant, as 
the seed. 

Sexual reproduction has not yet been actually observed in the iEcidiomycetes 
(Uredineae), but on the ground of analogy, their cecidiosporAS are generally con-, 
sidered to be carpospores like the ascospores of the Ascomycetes. 

Instances are on record m which an oosphere has given* rise to a new 
individual without having been previously fertilised by an antherozoid; this 
has been observed in the Saprolegnieas and in Chara crinita. This is termed 
parthenogenesis. 

§ 66. Alternation of Generations. In the higher Crypto- 
gams it can be readily observed that a reproductive cell, whether 
produced asexually or sexually, does not give rise to an in- 
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diyidnal similar to the one wliicli bore it. If it be a spore, it 
.gives rise to an individual which bears sexual organs; if it bo 
an^ oosp(;r€^ it gives rise to an individual which bears spores. 
Thus there come to bo two distinct generations in the life-history 
of one of these plants, the one, termed the sporopliore^ which is 
asexual and bears spores, the other, termed the oophore^ whicli 
is sexual and produces the male and female reproductive orgiins, 
and these <two generations diJfer considerably from eacli other in 
appearance. This is what is meant by the phrjisc Alternation oj 
Gonerations, In a Moss, for example, the ordinary moss-plant is 
the oophore ; the product of the development of the oospore is not 
an individual similar to the parent-plant, but a fructification, 
called the sporogonium, in which spores arc formed. When the 
spore of a Fern germinates, it does not give rise to a fern-plant 
with stem and leaves bearing spores, but to a small llattencd 
cellular body, the, pro thallium, which produces the antlieridia and 
archegonia: it is from one of the fertilised oosphercs of the prothal- 
lium that the ordinary spore-bearing Fern is developed. The alter- 
nation of gonerations becomes more difficult to trace in ascending 
from the Ferns to the Phanerogams, on account of the gradual 
diminution in size of the oophore : in the hetcrosporous Vascular 
Cryptogams the prothallium does not become free from the spore 
from which it is developed; the prothallium which is developed 
from the microsporo produces only male organs, and the prothal- 
lium which is developed from the macrospore produces only female 
organs ; in the Phanerogams, the pollen- tube alone represents the 
male prothallium, and, inasmuch as the representative of the macro- 
spore is not set free from the plant which bears it, the structures 
which represent the female prothallium of the hetcrosporous Vas- 
cular Cryptogams are enclosed in parts belonging to the sporor 
phore. In a Phanerogam, then, the plant is the sporophorc, the 
oophore being only represented by the pollen-tube and by certain 
cells contained in the ovule. 

In the Thalloj)hytes no such alternation of generations can be 
traced. In some of them, such as Fucus, the only reproductive 
cells which are formed are oospores: in others the same in- 
dividual produces spores sexually at one time and asexually at 
another, and in others again these two processes may go on 
simultaneously. For these reasons it is impossible to distinguish 
sporophorc and oophore as has been done in the higher Crypto- 
gams and in the Phanerogams- 
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THE CLASSIFICATION OF PLANTS. 

Introductory Remarks. A systematic classificatiQn of plants 
may be arrived at by either of two methods. In the first, the 
different forms of plants arc arranged according to some one given 
principle ; by this means order is established, and a definite position 
in the system is assigned to each plant. Many such systems have 
been devised, and are known as artificial systems. The principle 
of classification in such a case must be determined more or less 
arbitrarily and without considering whether or not, in the resulting 
arrangement, the plants which are nearly allied are always bronghi 
together, and those which are less ne.arly allied ai'e kept apart. 
The best known of these artificial systems is that of, Linnaeus, 
called the sexual system, which classifies plants by the number 
and mode of arrangement of the sexual organs. These organs, 
in his time, wore known only in the Fhanerogams (seed-bearing 
plants) ; to the great group of the Cryptogams^ which Linnieus 
regarded merely as a subsidiai-y department of the Vegetable 
Kingdom, this principle is inapplicable. 

The natural system, to the gradual development of which a more 
exact knowledge of the reproduction of Cryptogams has largely 
contributed, has for its object the classification of plants according 
to their fundamental relationships, and as these are established 
once for .all by Nature itself, the natural system is not based upon 
any arbitrary principle of classification, but depends upon the 
state of our knowledge of these fundamental relationships. These 
find their expression in the structure and other characteristics of 
the reproductive organs, as well as in the relation of reproduction 
to the alternation of generations. 

This is more particularly true with regard to tfie definition of 
tlie larger groups of the Vegetable Kingdom ; within these groups 
i jlationships mgiy be exhibited sometimes in one way and some- 
times in another, so that it is not possible to lay down any universal 
rules for determining close affinities. 

As the investigation of this subject is still far from complete, the 
natural system cannot be regarded as being perfectly evolved; 
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fchp various general sketches which have hitherto been given are 
.therefore no more than approximations to the truth. The system 
laid down in the following table has no pretension to be regarded as 
the only correct one ; it is selected simply because the arrangement 
,it offers appears to answer most nearly to the present state of 
knowledge of morphology and affinity. 

The following Table exhibits, provisionally, the main divisions of 
the vegeta^*jlo kingdom : — 

1st Gkoup. Thallophyta. Plants of very simple structure, 
without any dilTcreniiaiion of leaf and stem, with- 
out true roots or fibro-vascnlar bundles. 

Class 1. Algao. 

„ 2. Fungi. 

2nd Group. Muscineee. The plant which is devclo]iod from 
the spore has generally a distinct stem and leaves, 
hut possesses neither libro-vnsoular bundles nor 
roots, and bears the sexual organs (oojdiore). 
The fertilised oosphero gives rise to a capsule 
containing spores (sporophoro). 

Class 3. Hepaticos. 

„ 4. Musci. 


3rd Group. Pteridophyta. From the spore a small pro- 
thallium is developed which bears the sexual 
organs (oophore). From the fertilised oosphere a 
plant is developed consisting of stem, leaves, and 
roots, containing fibro-vascnlar bundles and pro- 
ducing spores (sporophoro). 

Class 5. Filicinao. 

„ 6. EquisctaceaB. 

„ 7. Lycopodinoe. » 

4lh Group. Phanerogamia. These plants are characterized 
by the production of true seeds containing at 
maturity a minute plant (embryo), furnished 
^ with rudimentary root, stem, and loaves. I’lie 
ovule contains the oosphere from which the em- 
bryo is developed in consequence of fertilisation. 

A. GymnospermaB. 

Class 8. Gymnosperraa 9 . 

B. Angiospermae. 

Glass 9. Monocotyledonea. 

„ 10. Dicotylcdones. 
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Il tho chai’acfccristics wliich are common to several groups 
especially considered, the Phanerogams may be distinguished as 
seed-bearing plants from tho throe groups of Crypt©ga,ms; the 
Thallophytes and Muscinem may bo distinguished as non-vascular 
plants {cellular plants) from tho higher Cryptogams and the Pha-, 
nerogams which are vascular plants, and the Thallophytes from the 
three groups wliich exhibit a differentiation of leaf and stem, and 
which arc termed Gorin ophytes, i 

The above-mentioned Classes are of very unequal extent; for 
while certain of them, as the Equisetacooe, include few forms and 
those for the most part very closely allied, others, as the Dicotyle- 
dones and the Fungi, include an enormous number of very different 
forms. These discrepancies aviso from tho very nature of the 
natural system, for a great diversity does not necessarily display 
itself in a type which is represented by a single cla^s, and it must 
not bo forgotten that probably the few living representatives of 
many Classes, for instance of the Lycopodina3, aro but the surviving 
remnant of various once well-represented orders which, have be- 
come in great measure extinct. 

Those Classes which include a sufficiently large number of forms 
are subdivided into subordinate divisions, as (1) Sub-classes, (2) 
Series, (3) Cohorts, (4) Orders, and these again, if necessary, into 
Sub-orders, etc. . but these names are applied in the most arbitrary 
manner to the different sub-divisions. The two narrowest system- 
atic conceptions, viz.. Genus and Species, are used to indicate an in- 
dividual plant. Under the term Species are included all individuals 
which agree so closely that they may be considered as having all 
descended directly from a common ancestral form. New pecu- 
liarities may no doubt — though comparatively seldom — roccur in 
the course of multiplication: the individuals characterized by these 
new peculiarities aro regarded in classification as varieties of the 
species. When several species resemble each other so distinctly 
that their general appearance indicates a relationship, they are 
grouped togetlier in a Genus. The limits of genera are consequently 
by no means fixed, but vary according to the views of individual 
botanists. In the larger genera the species are grouped into Suh- 
genera. 

Tho scientific name of every plant consists — on the plan introduced 
by Linnaeus — of two words, the first indicating the name of the 
genus, and the second that of the species. Thus, for instance, the 
greater Plantain, Plantago majors and the Bibwort, Plantago 
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lamieolata^ are two species of the genus Plantago. Since in early 
times the same plants were often described under different names, 
and as dii'ferent phants wore often designated by the same name, it 
is necessary in scientific works, in order to avoid confusion, to 
append to the name of the plant the name of the botanist who is 
the authority for it. Thus PlantiKjo lanceolata L., indicates that 
Linn feus gave the plant tliis name, and at the same time that the 
plant meant is the one which Linnrcus described and to which he 
gave the name. Again, the Spruce Fir is called Abies excelsa D. C. 
(De Candolle), while the same plant was placed by Liurueus in tlio 
genus Pinus under the name Fmus Abies L.; hence these names are 
synonymous ; but Piaus Abies Duroi, is another plant altogether, 
the Silver Fir. 

The method by which each plant has its place assigned to it in 
the natural system is exhibited in the two following examples — 
I. Plantago major ; . II. Agaricus muacarlus : — 

I. Group : Phanerogamia. 

Division : Angiospermaa. 

Class : Dieotyledones. 

Sub-class : Gamopetalna. 

Scries : Hypogynaa. 

Cohort : Lamiales. 

Order: Plantagineje. 

Genus: Plantago. 

Species: Major. 

II. Group: Thallophyta. 

Class : Fungi (Gai'posiwrece), 

Order : Basidiomycotes. 

Tribe : Hymenomycetes. 

Family : Agaricinoe. 

Genus: Agaricn*. 

* Sub-genus: Amanitc). 

• Species : Muscfiriuc. 
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GROUP 1. 

THALLOPHYTA. " 

This gi'onp includes the lowest forms of vegetable life. They pre-, 
sent no difCerontiation of stem, leaf, and root, and some of them are 
unicellular, tho entire organism consisting of a single cell. In the 
lowest members of this group there is no sexual reproduction ; in 
the higher, the product of sexual union may be a zygospore or an 
oospore, or a mass of carpospores, or a fructification within which 
carpospoves are formed. Tho division of the group into the two 
classes Algj© and Fungi is artificial, in that it is based upon the 
presence (Algro) or absence (Fungi) of chlorophyll. Still it is 
probable that these classes are on the whole really natural, and 
that the evolution of higher forms proceeded equally in both. 


GfiNiiRAL Classification of Thallopuytes. 


Algoi, 

PhycochromaccoB. 


A. Pyotnphjfa, 

No sexual reproduction. 

Fungi. 

Schizomycctcs, 

Saccharomycetes. 


Conjugatflc. 

Zoosporeo). 

Botrydiaceae. 


SiphonesB. 

Volvocineie. 

CBdogonieDD. 

ColeochsDtcfiB. 

Characcae. 

Melanophyccie. 


B. Zygospores. 

Sexual reproduction by conjugation. 

Product, a zygospore. 

Zygomycetes. 
Myxomycetes (?).• 
Chytridiaceae. 

C. OosporecB. 

Sexual reproduction by fertilisation. 

Product, an oospore. 

SaprolegniesB. 
PeronosporcsB. 
Entomophthoreco (P). 


* The note of interrogation indicates that the occurrence of sosual reproduo- 
tion has not been definitely ascertained in the Order to which it » appended. 
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Ill 


FlorideaB. 


D. Oarposporecb, 

Soxual reproduction by fertilisativ)n. 

Product, numerous carpospores. 

AhjcB. Fungi. 

Ascomycetes. 

Uredineco (-^cidlomycotes) (?) 
Ustilaginejc (?). 
Basidiornycetes (?). 


Class I. — ALG^B. 

These are plants of the simplest structure, which either live in 
water in tho form of green, blue-green, or bi'owiiish liiamcnis or 
masses of cells, or clothe damp surfaces such as rocks, walls, or the 
bark of trees, with a covering of ono or other of these colours. In 
the sea they attain often a very considerable mass ; some of them 
are of a beautiful red or brown colour, and attract the attention of 
the observer, partly by their gigantic size and partly by the elegance 
of their ramification. Whilst some are unicellular, existing through- 
out their whole lives as single cells and producing now individuals 
by division, others form long rows of cells, or considerable masses 
or extended surfaces of cellular tissue. 

The most important feature in which the plants of this Class 
differ from the Fungi is the presence of chlorophyll and tlie con- 
sequent mode of life. The Algm are able to form tho organic sub- 
stances necessaiy for their nutrition, whereas tho Fungi are obliged 
to obtain them from other organisms. The presence of chlorophyll 
is obvious enough in the green AlgoD, but it exists also, though less 
evidently, in Algae which have a bluish-green, olive-green, brown o^^ 
red colouring-matter in addition in their chlorophyll-corpusclef^ 
The nature of this additional colouring-matter is usually the same 
throughout whole families which also resemble each other in their 
modes of reproduction. 

The reproduction of the Algae, when it is not merely a process of 
division, is effected by cells which are produced sexually or asexu- 
ally. The former are designated by terms which indicate the 
special mode of their development {zygospore^ oospore^ carpospore) : 
the latter are spoken of generally as spores {zoospores when they 
are motile). Reproduction by means of zoospores is very common 
in this class (Figs. 37 and 80) : these are small protoplasmic bodies, 
without cell- walls, formed either by the division or the rejuvenes- 
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cence of a cell, which move through the water by means of delicfito 
filaments, the cilia: after a time they come to rest, become in- 
vested by a coll- wall, and give rise to new individnale by growth 
and cell-division. 

In the very lowest forms reproduction is effected neither sexually 
nor by means of zoospores. In the Conjugata 9 the entire contents 
of two cells unite to form a zygospore. In many Zoosporea 3 two 
zoospores, which may or may not be exactly similaraand which 
are usually formed by cell-division, coalesce to form a zygospore. 
To these naturally follow those orders in which only the siiiall 
male cells (anthcrozoids) are motile, the female cells beinj^ the 
oospheres which remain in their mother-cells (oogonia) and d,re con- 
verted into oospores in consequence of fertilisation. The uospores 
may or may not be invested by special integuments, and, on ger- 
mination, may give rise to one or more individuals. From these 
the Floridesa differ in the peculiar structure of the female organs 
and in the formation of a number of reproductive cells, the carpo- 
ipores. On the other hand the ZoosporcoB resemble the Botrydiaceae, 
which have only lately been accurately studied ; but there is this 
difference, that the zygospore of tho former group undergoes a 
period of rest before it germinates, whereas that of the latter 
germinates immediately after its formation. This is also the case 
with the oospore in the MelanophyceiB, so far as their mode of 
reproduction is known at present; in them +he oosphere, though it 
is set free before fertilisation, is not motile. 

If, in addition to the modes of reproduction, tho general vegetative 
structure of the Algm be considered, a classification such as the 
following may be constructed. This must of course be considered 
as only provisional, since the reproduction of many forms is still 
unknown, and it is therefore only possible to assign them a system- 
atic position by a consideration of their vegetative structure. 

I. Sexual reproduction unknown ; no zoospores. 

Order 1. Phycochromaceae ; bluish-green Algss. 

II. Sexual reproduction, effected by the conjugation of tho 
entire contents of two stationary cells. * 

Order 2. Conjugate, 

III. Sexual reproduction, effected by the conjugation of zoospores. 

Order 3. Zoosporeas ; the product of conjugation is a 
resting zygospore. 

Order 4. Botrydiacem ; the product of conjugation is n 
zygospore which germinates at onro. 
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lY, Sbxnal reproduction (so far as is at present known), efFected 
by the fertilisation of a free oospliere ; from the oospore 
new individual is directly developed. 

Order 5. Melanophyceas. 

V. Sexual reproduction, effected by fertilisation within special 
female organs (Oogonia and Carpogonia). 

A. The thallus a single, much-branched, filamentous cell. 

, Order 6. Siphonem. The oospore gives rise to a single 
new individual : female organ an oogonium 

B. The thallus is multicellular. 

(a.) Female m'gan an oogonium. 

Order 7. Volvocinem : thallus motile. 

Order 8. QSdogonieje : thallus filamentous. 

Order 9. Coleochaetea) : thallus consisting of rows of 
cells : oospore with a special cellular investment. 
Order 10. Characero: the oosphere has a cellular in- 
vestment before fertilisation. 


(6.) Female organ, a cariiogonium. 

Order 11. Florideae (red Algoe) : the female organ has 
a complicated structure: numerous spores produced 
in consequence of fertilisation. 

1. Phycociiromaceji, or blue-green Alg©. Neither sexual repro- 
duction nor formation of zoospores is known in this order : multi- 
plication is effected most frequently by 
cell-division, which takes place in some 
cases in more than one plane, but some- 
times also by means of spores. Several 
of the genera are unicellular, e.g,, Gloeo- 
capsa (Fig. 74), Cliroococcus and others. 

The separate individuals are sometimes 
enveloped in a gelatinous diffluent niem- 
brane, and are thus united into colonies 
OP families forming a blackish or dark- ' ' 

blue film on rocks or Mosses. Others 


blue film on rocks or Mosses. Others variouJ"8taB^TbJo.r8 n! 
appear as many-celled filaments : Nostoc c. p, e by repeated division. 
(Fig. 75 A) for instance, consists of rows Saebs.) 
of cells forming brownish gelatinous masses which are often to be 
found after wet weather on paths or sandy soil; in a dry state 


they are inconspicuous and of a dark colour. The Oscillar.ieui 
(Fig. 75 B)y the filaments of which exhibit peculiar locomotor move- 
ments. are often seen blue-gi’een or brown-green patches floating 
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Pio. 75.— A Filament of Nostoc. S End 
of a filament of Oscillaria(x 300). 


on stagnant waters and having a very disagreeable smell. The Ri- 
vnlariosB form cushion-like patches consisting of a gelatinous 
^ matrix, in which the §l^ents are 

disposed radially; they occur' on 
submerged stones and water-plants. 

2. The Conjugate! are distin- 
guished by the process of conjuga- 
tion which takes place fjetween the 
whole of the protoplasmic contents 
of the cells in the process of reproduction. Zoospores are not 
formed. They are subdivided into three families : 

a. The ZygnemacecB, consisting of long unbranched filaments which 
occur in large floating patches in many waters, particularly ponds 
and springs ; they are easily recognised by their bright green or 
yellowish colour as well as by the delicacy of their filaments. 
Their chlorophyll-corpuscles have peculiar forms : in Spirogyra they 
are spiral bands (Fig. 40); in Zygnema, stars (Fig. 76 A)\ in 
Mougeotia, plates. 

h. The Desmidiaceoe include unicellular forms, which are often ex- 
tremely beautiful, as Closterium (Fig. 76 
B), Cosmarium, Staurastrum, Euastrum 
(Fig. 76 G). 

e. The Biatomaceoe, in which the chloro- 
phyll-corpuscles are of a dark-yellow colour. 

The individuals are unicellular; the cell- 






Pio. 7n.—A Fragment of a filament of Zjgnema ; in each 
coll are two star-shaped chlorophyll-corpasoles connected 
by a colourless mass of protoplasm in which lies the 
nnclous. B Closterium, 0 Euastrum, two Desmids with 
cblorophyll.plates. 


Fio. 77.— Pinnularia, a Dia- 
tom (mag. and diag.) ; a latdra' 
view, elbowing the mode oi 
connection of the two halves 
of thefmstule; s surface view. 


walls contain much silica, and exhibit extremely delicate and 
elegant thickenings. The wall (frustule) of each cell consists of 
two halves which fit into each other like the two parts of a pill- 
box (Fig. 77 a). Division takes place lengthwise between the two 
halves, and the newly-formed wall of the daughter-cell is enclosed 
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within the rim of that of the mothor-cfell, so that the two halves 
,ef the cell- wall are of difPerent ages. In consequence of repeated 
division the* individuals must grow smaller ; when this diminution 
has gone on to a certain extent the formation of auvosporcs takes 
•place, that is of very Largo cells, either by means of growth alon? 
or as the result of conjugation and subsequent growth. In some 
genera, e.g,, Navicula and Pinnularia (Fig. 77) the individuals are 
solitary and they are endowed with a peculiar creeping mode of 
locomotion. In others, as Melosira, tliey are arranged in long 
filaments. They occur frequently and in great numbers in all 
waters, fresh as well as salt, sometimes also in damp soil between 
Mosses. The siliceous frustules of Diatoms have been preserved 
from the early geological epochs and exist in various parts of the 
world in great masses, under the name of infusorial earth. 

3. The ZoosPOREiB are reproduced by means of zoospores which, 
in the case of many forms at least, conjugate, and give rise to 
resting zygospores. 

Some families, such as the HydrodictyecB consist of unicellular 
forms which generally live together in colonies (Fig. 78 A). The 
whole colony is usually actively 
motile by means of the cilia of 
its individual members. Periods 
of rest sometimes alternate with 
periods of movement, and these 
resting forms were formerly re- 
garded as being distinct plants; 
such are many PalmellaceoB and 
perhaps Pleurococcus vulgaris, 
which is constantly found as a 
green growth on the trunks of 
trees and in similar situations. 

Hsematoooccus lives in puddles; 

tjl® resting- cells are of a pur- motile colony (ccenobium) : B, two zoospores, 
plish-red colour and where they formed by the division of the cells of A, in 
occur in masses they impart a conjugation, 

rod hue to the water or to the snow (red snow). 

The GonfervecB are filiform Algas which are widely distributed in 
all waters, being especially abundant near their margins; the 
zoospores are formed in the individual cells, either in considerable 
numbers or one only in each. The filaments of Gladophora are 
much branched and are harsh to the touch. The filaments of 
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Ulothrix are simple; in fhis plant certain larger zoospores re- 
produce it vogofcatively, whereas the smaller ones conjugate and 
reproduce it sexually; Chroolepus is orange-coloured, •and grows 
on damp rocks, etc., in velvety patches. 

In the Ulvacece the polyhedric cells are united into flat ex-, 
pansions ; in Ulva Laciuca, which is a common green sea-weed, the 
meuibranous expansion may bo simple or more or less branched ^ in 
Enteromorpha it forms the wall of a tube. • 

4. The 13oTRYOiACEiE are represented in fresh water by Botrydium 
alone. This is a small unicellular plant, looking like a green 

spheroidal 
vesicle with 
colourless 
root - 1 ike 
outgrowths 
which at- 
tach it to 
the mud in 
pools. It is 
reproduced 
in several 
ways ; the 
most re- 
markable, 
perhaps, is 
the forma- 
tion within 
the vesicle 
of the so- 
called 
“ spores, ” 
each of 
which gives 
rise to a 
large num- 

Fia.79. -Fkcus ve:ictcuIo«ua, abouthalf xiat. sizo. Air-biaddcrs. J Fer- ^ ^ 
tile branch. , oor 01 con- 

jugating zoospores. 

5. Melanophycej). These are the brown sea- weeds. Their chloro- 
phyll-corpuscles are of an olive-green colour. They are usually oi 
a considerable size, and present groat variety of form. The thallua 
consists sometimes simply of rows of cells, sometimes of masses of 
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tigsno i it ofien attains gigantic dimensions, and appears to branch 
dichotomonsly. The cell- walls are very mucilaginous. Some are 
provided Vtth large cavities filled with air (Fig. 79 />), by means of 
which they are enabled to float. 

. The reproductive organs are borne by certain branches of the 
Phallus (Fig. 79). They are developed in peculiar depressions of 
the surface, the conceptacles. The anthcrozoids are formed in certain 
cells termed antheridia, and the oospheres in certain cells termed 
oogonia. The oospheres are extruded from the oogonia and are 
then fertilised by the antherozoids. The oospore at once developes 
into a new individual. 

The different species of Fucus and of Laminaria are typical 
representatives of this order. 

6. The SiPHONEiE are unicellular, but the tubular cells are large 
and much branched. The different species of Vaucheria (Fig. 80) 



Fia. 80.— sessilis ( x 30), A fp A newJy-Tormed zoospore. U A resting jtoev- 
Bporo. C The commoncoment, D and E more advanced stages of germination; dp 
Eoospore; s apex of the green filament; w its colourless part answering to a root. 
F Tubular cell with sexual organs ; og oogonium; h antheridium shortly after fertilisation. 
(Alter Sachs.) 

are frequently found in springs, in wells, and on damp soil, in large 
dark-green patches. Zoospores are developed in special cells 
formed by the cutting off, by means of septa, of some of the branch- 
ings of the main cell (Fig. 80 A), Sexual reproduction is 
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effected by antlioridia and oogonia. The antheridia are ccUa, 
usually curved into a hook-shape, which are developed as lateral 
branches. Within them the antlierozoids, which are subsequently 
discharged, are formed. The oogonia are spherical cells, developed 

close to the antheridia,* 
^ in which the oosphere 

is formed by rejuven- 
escence (Fig.* 80 Fj og). 
After fertilisation the 
oosphere becomes sur- 
rounded by a proper 
membrane, and is then 
known as the oospore. 
Whether or not the very 
large forms found in the 
sea, e.g,, Caulerpa, con- 
sisting of a single much- 
branched cell, really be- 
long to this order, is at 
present uncertain, for 
their reproduction has 
not been fully investi- 
gated as yet. 

The order of the Si- 
phonejB appears to be 
more closely allied to 
the SaprolegnieiB (Fun- 
gi) than to the other 
AlgBB. 

7. The VoLvociNEiE, 

Fiq. Bl,— A (Edogoiiium ctlialum {x 260). A Middle part j i i 

of a eexual filament with two oogonia {og) fertilised by the US represented by the 
dwarf male plants (m), developed from aoospores formed crenus VolvOX are 
in the cell m nt the upper part of the filament. £ Oogo- IT j •* 4.1, * 

Ilium at the momentof fertilisation ; o the oosphere ; og the Closely allied in tUGir 
oogonium ; % the anthcrozoid in the act of forcing its way structure to the Zoo- 
in j m dwarf male plant. G Ripe oospore. D Piece of the i • i. i * 

male filament of (Ed gemelliparum, s antherozoids. B SpOreSB WhlCh live in 
Branch of a Bulbochcete, with one oogonium still containing colonies ; the Colouy 
a. pore, another mlhe act of allowing it to escape, in the j ^ f f 

lower part an empty oogonium. F The four zoospores 

formed from an oospore. 6 Zoospore from an oospore U hollow sphere. Fer- 
come to rest. (After Pringsheim.) tilisation is, however, 

not effected by the conjugation of zoospores ; but the oosphere^ 
which is stationary, is fertilised by antherozoids. 
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6. The (Edogoniej: occur in green patches in springs and other 
vfaters. These patches are composed of cellular filaments, of which 
the separate cells sometimes produce zoospores, and sometimes 
become oogonia, the contents of each one being converted into an 
•oosphere by rejuvenescence (Fig. 81 2?). The antherozoids, which 
resemble the zoospores but are smaller, are produced in some 
species by repeated division in the cells of the filaments (Fig. 81 D); 
but in other species the cells of the filament give rise to peculiar 
zoospores which adhere to the oogonium and grow into dwarf males 
consisting of but few cells (Fig. 81 A m), in which the antliero- 
zoids are formed. 

9. The CoLEOCHiETEiE form hemispherical or disk-shaped cushions 
of a beautiful green colour on submerged stones and water-plants. 



Fia.82.-^il Upper portion of a branch of Nilella Jlexilis (nhi. size); ea the stem; b the 
leaves ; with sp the female, and a the male organs. B Part of a fertile leaf xx of Chara 
fragilia (x 60) ; bb' the leaves: the femiUe organ contains the oosphere E. The peculiarly 
twisted investingHsells of the oogonium end in a little Cbrona, Her : a the anlhcridium. 
(After Sachs.) 

A 

The fomale organ is unicellular, and presents a long tubular pro- 
jection open at the apex, the tricliogyne. After fertilisation the 
oosphere in the basal dilated part of the oogonium becomes invested 
by a special membrane ; the oogonium becomes surrounded by out- 
growths from neighbouring cells, so that it is enclosed in a cellular 
integument. On germination, the oospore divides, and from the 
cells thus formed there escape zoospores, which subsequently give 
rise to new individuals. 
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10. Charace^. These are the only gieen Algee which, like tlifi 
Plorideae, have members that can be regarded as leaves. In the 
genns Nitella (Fig. 82 A), inhabiting waters, which are Act hard, 
each internode of the stem consists of a single cylindrical cell (Fig. 
82 A s), the wall of which is lined by a compact layer of chloro- , 
phyll-corpuscles. The so-called leaves (Fig. S2 A, h) form whorls 
at the nodes and each consists of a r jw, sometimes branched, oi 
elongated cells all similar in form. In the other geuiis,#'Chara, of 
which nnmerons species occur in many waters, and which are 
remarkable for their unpleasant smell, the stem and leaves are 
covered with small cortical cells. In all the long cells a rapid 
rotation of the protoplasm is perceptible. The female organ is an 
egg-shaped body (Fig. 82 B ) ; it possesses a covering of cells 
twisted spirally,' which encloses the oogonium. The oosphere be- 
comes an oospore in consequence of fertilisation, and remains 
enclosed in the integument. The antheridia (Fig. 82 a) are visible 
as small red spheres; within them the spiral antherozoids are 



Fm. 83. — Frnctiflcntlon of Nemalion. 
A The end of a branch with a male and 
a female organ; the former produces 
the antherozoids, the latter consists of 
the trichogyno t, to which the anthero- 


produced in rows of cells. . 

11. The Floride^, or red Algie, 
are of a beautiful rod or violet 
colour, and live in the sea; only a 
few forms, such as Batracliospermufn 
inoniliforme, of a purplish-brown hue, 
are found in fresh water. Many re- 
[)resentatives of this class are dis- 
tinguished by their graceful branch- 
ing ; and in several genera, e.g,, Poly- 
siphonia, it is of such a nature as 
almost to justify the designation of 
some of the branches as leaves. Re- 
production is effected in a peculiar 
manner. The female organ, which is 
termed a carpogonium, is frequently 
multicellular. Ferti^ation takes 
place by means of antherozoids 
which, having no cilia, are not motile 


coids 8 adhere to elTect fertnisation, and (Fig. 83 As), They attach them- 

“'’“ to • a.. 

female organ, the trichogyne (Fig. 
83 /), which is, however, not open, like that of Ooleochrote, but com- 


plotely closed ; in consequence of fertilisation, a cystocoAy is formed 
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frjDm the basal portion of the trichogyhe, or more frequently from 
cells which snrround its base, or from others more remote from 
it. The*cystocarps are either masses of carpospores (Fig. 83 0 o), 
or receptacles, within which carpospores are formed. The asexnally- 
, produced spores {tetras^ores) are also devoid of cilia, and are pas- 
sively floated about by the water. 

Callithanmion eorijmho&um^ Ceramium ruhrum, Chondrus crigpus (used iu 
medicine as Carrageen Moss), Plocamium coccineuvi^ Delesseria hypoglossum and 
Corallina rubens, arc common representatives of this class in European seas. 


Class II.— FUNGI. 

This class, like the preceding, includes many very simple 
organisms, as well as others of tolerably high development. None 
of them contain chlorophyll, and their mode of life is correlated 
with this peculiarity. They must take up their nourishment, and 
more especially their Carbon, in the form of organic compounds. 
Some, termed Parasites, such as Rust and Smut, absorb it from 
living organisms, plants or animals. Others, ealled Saprophytes, 
absorb it from the remains of dead organisms, or from organic 
compounds formed by living organisms : the bark of trees and the 
humus or leaf-soil of forests and meadows are examples of the former 
case, and they support numerous and often largo Fungi ; the juice 
of fruits and saccharine solutions are examples of the latter case, 
and in these Moulds and Yeasts often make their appearance (see 
§ 33). 

In Fungi the cells are usually arranged in rows, so as to form 
long filaments called hyphee : these are loosely and irregulady 
interwoven Qela contextd), as in the common Mould ; but some- 
times they are firmly connected into a mass of considerable size, of 
definite external form and internal structure,' as in Mushrooms. A 
few Fungi on^ consist of small isolated cells, or of long branched 
tubular cells, like the Siphone© among the Alg©. The thallus 
developed from the spore, when it is not unicellular, consists ol 
hyph©, and is called a mycelium. The organs of reproduction are 
usually developed upon some part of the mycelium, but, if circum- 
stances be unfavourable, the mycelium may continue to vegetate 
for a long time, attaining a most luxuriant growth, without bear- 
ing fl.ny reproductive organs. The white felt-like growth which 
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often clothes the walls of damp cellars is a sterile mycelium of this 
kind. 

The reproductive cells of Fungi are formed in two way^: in the 
one, the protoplasm of the mother-cell divides into a number of cells, 
that is, free-cell formation takes place within it (spores, ascbspores); , 
in the other, segments are cut ofE from the mother-cell by abstric- 
tion (stylospores), a process ^\hich differs from that of ordinary 
cell-divisions only in the marked constriction of the cell iur the plane 
of division. The cells which undergo this abstriction are called 
liasidia, and they frequently bear a delicate projection, the sterigma^ 
at the end of which the spore is borne. In some Fungi the cells 
formed by the first of these two methods are naked masses of proto- 
plasm, and move actively in water ; they are called zoospores- The 
lowest Fungi are not reproduced sexually, and this is probably also 
true of some which are more highly organized. Sexual reproduc- 
tion is exliibited in the form of conjugation by the Zygomycetes, 
in which branches of the mycelium coalesce, and in the form of 
fertilisation, closely resembling conjugation, in other Phypomycetes 
as well as in many Ascomycetes. Other Ascomycetes (and perhaps 
the Uredinens) have female organs which resemble the carpogonia 
of the Florideae, and which are fertilised by small cells, the sjpermatia, 
which are passively conveyed from place to place. These cells hvo 
formed by abstriction in certain receptacles called spermogonia. In 
the following account of the various groups of Fungi, as in the case 
of the Alg80, the reproductive cells which are produced asexual ly 
are spoken of as spores or conidia (stylospores, zoospores, etc.), 
whereas those which are produced sexually are spoken of as zygo* 
spores, oospores, carpospores (ascospores, ceddiospores), 

JTlie following remarks are explanatory of the arrangement of the Fungi which 
IS adopted here. In the Fhycomycetes sexual reproduction is effected by the 
conjugation of two hyphffi, or by a process which differs but little from this. 
The product is a resting-spore which, on germination, may give rise to an in- 
dividual bearing conidia, or simply to a sporangium. , 

The Ascomycetes are probably nearly related to the Fhycon^cetes. In them 
the sexual process is of much the same kind ; but the product is not a single 
cell, but a number of cells (ascospores) contained in receptacles called asci. 
These asci are more or less enclosed in th6 mycelial tissue, and these together 
form a fructification. The mycelium bears, in addition to the sexual organs, 
numerous organs which reproduce it vegetatively. 

The greatest difficulties are offered by those Fungi the reproductive cells of 
which are formed by abstriction. In the Urediness the SDcidium-fruit is probably 
the sexually-developed fructification, or it is at least analogous to such a fruoti- 
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flaatioii, whereas the other fructifications are probably produced asoxually. 
No sexual organs have been discovered as yet in the Basidiomycotcs, and their 
large fructifications may therefore be regarded as organs effecting asexual 
reproduction. 

As to the relationship between Fungi and Algte, the Schizomycetes and the 
‘ Phycochromaceic appear to be allied^ and tliey are connected by intermediate 
forms. Besemblances also exist between the Chytridiaceic and the lowest Zoo- 
sporcas. It seems probable that the divergence of the two classes began at the 
first indication of sexual differentiation. In the lower Algas the zoospores con- 
jugate, and the connection of the more complicate sexual processes of the higher 
Algffl with this simplest form can bo readily traced. In the lower Fungi, except 
ing the ChytridiacesB and the Myxomycetes, the cells which correspond to the 
mother-cells of the zoospores of the Algne are those which conjugate. 

The EntomophthorefB are perhaps intermediate forms between those Fungi in 
which the conidia are formed in the interior of mother-cells and those in which 
they are formed by abstriction. Their sporangia may be compared with tliose 
of the PeronosporeiB on the one hand, and with the conidia of the Uredinen and 
Basidiomycetea on the other. 

The following is an attempt to classify the Fungi in accordance 
with the present state of our knowledge : 

I. Sexual reproduction unknown : multiplication by coil-division 
or by spores. 

Order 1. Schizomycetes. 

Order 2. Saccharomycctcs. 

11. The mycelium (if present) consists of a single tubular, much- 
branched cell: spores are formed in sporangia: sexual 
reproduction occurs in the form of conjugation, or of fer- 
tilisation, the product being (except m Myxomycetes) a 
resting spore (Fhy corny cetes). 

(a) Sexual reproduction hy conjugation. 

Order 3. Zygomycetes. Mycelium, a tubular cell : spores 
non-motile (the sporangium is sometimes thrown 
off as a conidium). 

* Order 4. Chytridiace®. Mycelium usually absent: zoo- 

* spores. 

Order 6. Myxomycetes. No mycelium. The plasmodium, 
formed by the coalescence of the amoeboid masses 
of protoplasm set free from the spores, is motile, 
(b.) Sexual reproduction hy fertilisation. 

Order 6. Saprolegniee. Mxcelium, a tubular cell : zoo* 
spores. 
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Order 7. PoronosporeaB. Mycelium, a tubular cell : zoo 
spores are formed in the sporangium which is 
thrown ofp as a conidium. • * 

Order 8. (?) Entomophthoreae. 

i T r. The mycelium consists of multicellular hyphaa. The presence * 
of sexual organs has been ascertained in some members only, 
(a.) Spores formed in the asci of a fructification, ^ 

Order 9. Ascomycetes. 

(b ) Spores formed bjj ahstriction or hy simple cell division. 

Order 10. Ustilagineaa. The spores are formed by division 
of the hyphaa. 

Order 11. Uredineae. The spores, which are usually of 
different kinds, are formed by abstriction or by 
cell-division at one point only of each basidium, 
partly in small fructifications (perhaps sexually 
produced) and partly on the mycelium. 

Order 12. Basidiomycetes. The spores, which are all of 
one kind, are formed by abstriction at different 
points on each basidium in asexual fructifications. 

1. The ScHizOMYCETES are very minute organisms, of which little 
more than the outline can be detected ; they are therefore very 

easily confused with altogether different ob- 
jects. The cells may be either isolated, and 
then spherical (Micrococcus, Pig. 84 a), or rod- 
e (Bacterium, Pig. 84 5), or united into 

Pio. SL-Scbizomycetes filaments which may be straight (Bacillus) or 

(X 600 ). a Micrococcus; spirally wound (Spirillum, Pig. 84 c). They 
6 Bacterium ; c spirillum. ,, i i t • . i . . -r^ ... 

generally multiply by division, but m- Bacillus 

spores are formed ; certain cells of the filaments undergo divisions, 
and the cells thus formed are distinguished by their longer persist- 
ence, and their; power of resisting injurious infiuences. Some 
torms produce colouring-matters in the course of their life (suclj 
as that causing the red colour of mouldy bread) ; ^thers play a 
part in certain infectious diseases, such as Diphtheria, Cholera, 
Typhus, etc. 

2. Saccharomycetes. These Pungi occur in fermenting sub- 
stances. The mycelium consists of branched rows of oval cells, 
produced by successive budding: the cells separate very easily 
from each other. Spores are produced in the cells under cer- 
tain circumstances* they are four in number in each cell. These 
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Pjttiigi have the power of converting ’the sugar contained in the 
substance upon which they live into alcohol and carbonic acid. 

'Saeeharomyces Cerevisia^ the ordinary yeast (Fig, 

85), is only known in the cultivated state in which 
it is used in brewing, etc. S. ellipsoidens occurs in 
nature on the surface of fruits, such as grapes, and 
causes the fermentation of their juices after they 
have been i^rushed. S. Mycodenna belongs to tliis 
group! it exists on the surface of fermented fluids Yot\(^t{iiticc^KaromycesCerevisii 9 
and causes their further decomposition. (x 300). 

8 . Zygomycetes. Of these, the most common and the most im- 
portant are the species of the genus Mucor, such as Mucor Mucedo, 
racemosvs^ stolonifer^ which occur as mould on preserves, bread, etc. 
The mycelium is much branched, but consists only of a single cell 
(Fig. 86 m): it grows in the substance and, when mature, throws 



Fio. Sr,.— Mwcor Jfucedo. m Mycelium bearing a 
Bporangiiiui (;*). 


up aerial branches. These become enlarged at their free ends, 
and by the cutting off of the enlargement by a curved partition, 
the sporangium is formed, witliin which numerous spores ar6 
^rmed (Fig. 86 s). On germination, each spore gives rise to a 
now mycelium, which, in its turn, beai’s sporangia and spores. 
Under certain circumstances the mycelium bears zygospores (Fig. 
87 «). Two branches of the mycelium come into contact at their 
free ends, and a cell is cut off in each by tlie formation of a septum : 
the two cells coalesce (conjugate) to form a single cell, the zygo 
spore : its cell- wall becomes much thickened. After a long period 
of quiescence it germinates^ and it usually produces a single hypha 
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bearing a sporanginm quite similar to those borne by the ordinary 
mycelium, 

4. The Chytridiacej! are among the lowest of the PhycAnycetps. 
Some of them consist of a single spherical or oval cell, which itself 
becomes a sporangium, its protoplasm giving rise to a number of, 
zoospores. When one of these zoospores comes to rest, it assumes 
the spherical form. Conjugation of both motile and stationary cells 
has been observed in members of this Order, the former in Poly- 



(* 16 . 88 . —A Part of a plasmodiura of Didymium Imcopua ( x 900). It A cloMd Bpoiant^uXD 
of Arci/ria incamata, C The same after the raptnre of its walls (p) and expansion of the 
capillitiom cp (x 20). (After Sachs.) 


pliagus and Zygochytrium, the latter in Tetracliytrium. These 
forms live in water either as saprophytes, or as parasites upon 
aquatic plants. The genus Synchytrium includes forms which are 
parasitic upon land-plants, such as Anemone and Taraxacum : in 
these the single cell gives rise to several sporangia. 

5. Myxomycetes. In the mode of development of their spores 
these plants resemble the Zygomycetes, but in their structure they 
differ widely from all other Fungi. In the vegetative condition 
they do not consist of .cells or tissues, but they are simply masses 
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iiakod protoplasm, called pZasmod/a '(Fig. 88 -d), creeping from 
place to place on the substratum, which may be tan, earth, decayed 
leaves, etb,* At the same time a rapid streaming may be observed 
in the protoplasm itself. When it is reproducing itself, the whole 
plasmodium is converted into sporangia, which are spherical bodies 
resembling the fructifications of Truffles (Fig. 88 B) ; in these the 
spores are formed. In some cases the whole of the contents of 
the sporaiigium are converted into spores; in others, a part of 
them go to form the capillitium (Fig. 88 cp), which is a network of 
filaments. On germination, the protoplasm of each spore is set 
free, and either creeps about in an amoeboid manner, or swims as 
a zoospore. These isolated masses of protoplasm unite in great 
numbers to form the large plasmodia. 

JEthalUm septicum, the “flowers of tan,*' occurs in the form of yellow plas- 
modia, which may be several square inches in extent, on spent tan : it forms 
masses of sporangia which are yellow externally and dark brown internally. 

Trichia rubiformis and Didymium serpula are smaller forms which are 
commonly found in forests. The sporangia of the former are brown oval 
bodies, from 2-3 mm. in length ; they occur in groups on leaves or among Moss 



6. The Saproleqnie^ are aquatic Fungi. The branched unicellu- 
lar mycelium forms a dense growth upon the dead bodies of small 
animals or on parts of plants which are in water. Correlated with 
their mode of life is the fact that the reproductive cells formed 
in their sporangia are zoospores. Sexual re- 
production is effected not by conjugation but 
by fertilisation. The organs are of two kinds : 
there are oogonia, which are spherical cells 
each containing several oospheres, and there 
are antheridia from which protuberances are 
developed which enter the oogonia and effect 
the fertilisation of the oospheres. The re- 
sulting oospores germinate after a period of 
quiescence and develope either zoospores or a 
mycelium bearing sporangia. 

7. The Peeonospoem are parasitic upon »._Hypha of nr 
other plants. The unicellular mycelium per- lophthora infestana bearing 



meates the intercellular spaces of their tissues projecting from a 

^ ^ Btoma (s) of the loaf of the 

and absorbs nourishment by means of special Potato ; o the sporangia 

oigans from the neighbouring cells. Spor- 

angia are formed on certain branches which usually project through 

the stomata of th^ host (Fig. 89) ; these are thrown off entire and 
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are therefore usually spoken of as conidia. ' If they fall into a drtjp 
of water zoospores are formed within them, which are set free: 
when these come to rest they attach themselves to the dhticle ol 
their host, become invested by a delicate membrane, and then 
germinate. In some no formation of zoospores takes place, the, 
sporangium itself developing a mycelium. In the forms in which 
sexual reproduction is known, the anthcridium applies itself to the 
oogonium, and the oosphere contained in the latter beoDmes fer- 
tilised and is converted into an oospore. The germination of the 
oospore takes place after a long period of quiescence; usually 
zoospores are formed within it. 

In the genus Peronospora, which is represented by many species (P. parasitica 
on Capsella, P. nivea on Umbcllifene, etc.), only one sporangium is borne by 
each branch of the hypha which protrudes through a stoma. In Phytophthora 
the sporangia are displaced laterally by branches which arise from the hyphrs 
bearing the sporangia, at their points of origin. To this genus belongs P 
iujestansf winch produces the potato disease. The tissues of the host undergo 
decomposition in tho infected parts and turn black: the mycelium of the 
Fungus extends from the circumference of these spots, and throws up hypha; 
bearing sporangia through tho stomata (Fig. 89). Tho zoospores developed 
in the sporangia of the parasite find their way to healthy plants : they also 
penetrate through the soil to the tubers, and the mycelium which is developed 
from them extends into tho young potato-plant which grows from tho tuber. 
No sexual. reproductive organs have been observed in this Fungus as yet. 
Phytophthora Fagi infects and destroys the seedlings of the Beech. In Cys- 
topus (C. candidm on Capsella and other Crucifers, C, cuhicus on Compositae) 
hyphffl bearing sporangia are formed in great numbers close together under the 
epidermis, and cause its rupture : each hypha bears a number of sporangia. 

8. The Entomophthore^ are parasitic npon Insects. Empusa 

MusccBy for instance, infests house-flies more especially in the 
aqtnmn. The sporangia are formed by abstriction from cells which 
protrude from the body of the fly. Within them spores are formed 
which are projected against the under-surface of tho bodies of 
living flies, the only part at which penetration is possible. In 
other species resting-spores have been*detectod which are possibly 
of sexual origin. ' • 

9. The Ascomtcetes have a mycelium consisting of multicellular 
hyphae, on which a fructification is formed (ascertained with regard, 
to some and hardly to be doubted with regard to the others) in con- 
sequence of fertilisation. The formation of the ascospores takes 
place within certain cells of the fructification called osci. Free 
(sell-fprmation takes nlace within them, usually eight spores being 
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formed. Kach of these surrounds itself with a proper cell-waU 
(Fig. 39); sometimes they undergo division. They are usuallj 
extruded ^m the asci. Fertilisation may take place in two ways 
III the one, two contiguous branches of the mycelium become in 
timately connected : of these one, which is usually the larger, is the 
' female organ, it is frequently spirally rolled, and is designated as 
tlie ascognnium (Pig. 90 B and G as) ; the other smaller one, which 



Fig. tfO.— Eurotium repena. A A portion of the myccliam with hyphaa (c) bearing cenidia , 
1)10 conidia have already fallen oil from the elerigmata (at) ; as, a young ascogonium. 
9 Ascogonium (as) with a pollinodium (p). 0 Another, with hyphse growing up round it. 
0 A fructification seen on the exterior. E, F Sections of unripe fructifications ; w the 
investment; / filaftents arising from the ascogonium, which subsequently bear the asci. 
G An asciis. H A ripe ascospore (magnified). (After Sachs.) 

attaches itself to the ascogonium, is the male organ, the pollinodium 
(Pig. 90 B and G p). In the other way, the female branch of the 
mycelium is spii’ally wound and ends in a projecting filament quite 
similar to the trichogyne of the Plorideae (see page 120), to which 
fbe spermatia become attached. The spermatia are small cells 
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incapable pf spontaneous motion, formed by abstriction in special 
receptacles known as the spermogonia (Fig. 99). This occurs in 
the Lichens. Whilst the fertilised ascogonium developes«.iM finally 
produces the asci (which are often arranged in a special layer 
called the hymenium, in which they are mingled with sterile fila- 
ments, the paraphyses)^ the surrounding hyphro grow to form ai^ in- 
vestment which wholly or partly encloses the product of fertilisation, 
and with these constitutes the fructification. The fri^ptification 
cither remains closed or has a very narrow opening, when it is said 
to be angiocarpous, and is termed o, peritlieclum ; or it opens so as to 
expose the asci, when it is said to be gymnocarpouH^ and is termed 
an apothecmm. 

The mycelium also bears asexual reproductive cells, which are 
termed conidia ov stylosporesj because they are formed singly or 
in rows by abstriction from certain branches of the mycelium the 
sterigmata (Fig. 90 st). Many of the commonest forms of mould 
are the conidia-bearing forms of Ascomycetes which bear sexual 
organs and fructification only under exceptional conditions. Be- 
sides these, in many Ascomycetes stylospores are formed by abstric- 
tion in special receptacles known as pycnidia. 

The following classification of the Ascomycetes is only pro- 
visional. A great number of them, characterized by a peculiar 
mode of existence, were formerly regarded as a distinct class, and 
known as Lichens ; these will be considered separately last of all. 
The Ascomycetes proper are commonly divided into four groups. 

(a) Erysiphece, or Mildews. The fructification, which is a peri- 
thecium, has no hymenium : the asci are distributed apparently 
without order in every direction, and are often few in number ; the 
perithecium, the wall of which often has characteristic filamentous 
ap^pendages, opens by irregular rupture, or in some cases not at 
all, so that the spores are only liberated by its decay. 

Species of the genus Eiysiphe and allied genera live on the surface of many 
plants, as the leaves of the Bose, the Hop, and others, and form a delicate whit^ 
film known as mildew. The hyphae of the mycelium throw out minute processes 
as suckers. The fructifications are visible to the naked eye as 'blackish specks. 
The conidia-bearing form of an Erysiphe of which the fructification is as yet 
unknown, which has been provisionally named Oidiuni Tuckeri, lives on the 
leaves and young fruit of the grape-vine, causing the well-known vine disease. 

To this division belongs a not uncommon mould, Eurotium Aspergillus (Fig. 
90 ) : in this form the conidia are abstricted in rows on a spherical swelling of 
the fertile hypha which bears the sterigmata. The commonest mould is 
sillium glaucum, but it is doubtful whether it belongs to this ffronn. It bears 
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tufts of branched hypliis, on which the conidia are formed in rows (Fig. 91). In 
this stage it occurs as a greenish grey film covering the substratum on which it 
grows, sucli^as^ moist damp substances and fluids of all kinds. The fructifica- 
tion, only lately discovered, is as large as a pin's head and consists of a mass of 
pseudo-parenchymatous tissue which is 
traversed and absorbed by the ascogenous 
hyphee with the exception of the most 
external layer which remains as a wall. 

(b) The* Tuber aceoe, or Truffles, 
have an underground, more or less 
spherical, completely closed perithe- 
cium, in which the hymenia hearing 
the asci line the surface of labyrinth- 
ine passages through the mass. The 
sexual organs and any other organs 
of reproduction are not known. 

Tuber astivum^ ‘hriimale^ and other 
species are eatable, and are known as 
Truffles; Elaphomyces granulatus^ about 
the size of a walnut, is not rare. 

(c) Pyrenomycetes. The hymenium lines the inner surface of 
flask-shaped or spherical receptacles, the perithecia (Fig. 02 0, cp), 
which open at the apex. These perithecia occurs singly or in great 
numbers on a peculiarly constructed body, the stroma. 

Among the simple forms with solitary perithecia must be mentioned the 
genera Spha)ria and Sphssrella, many species of which appear on dead leaves as 
black spots ; Calosphseria, which forms its long slender perithecia in groups 
on the wood and bark of cherry-trees; Pleospora and Fumago, of which the 
mycelium and conidia constitute the black film known as Smut, w'hich occurs 
on various parts of plants. 

In the compound forms, those, that is, which have a stroma, the stromji 
forms warty incrustations or patches of irregular outline, which have a punc- 
tuated appearance owing to the numerous openings of the perithecia ; Diatrype 
dUciformiSf which forms black warts as large as peas, belongs to this group, 
ittis very common on dead boughs; also Nectria cinnaharina^ which has a 
bright red stroma^ and occurs on many kinds of dead wood; Nectria ditissima 
causes a disease on the branches of Beech-trees. In other cases the stroma 
developes into an upright club-shaped or branched tufted body, like the stromata 
of Xylaria, for instance, which occur very frequently on the trunks of trees ; 
the conidia often appear as a mealy dust on the upper portion. Clavicepr 
purpureaj known as Ergot, or offlcinally as Secale cornutum, also belongs here. 
The mycelium of this fungus covers the young ovaries of the Rye or other 
cereals which it attacks, and bears conidia which are imbedded in a mucilaginous 
iubstance. forming what is known as Honey-dew. By means of these, other 



Pio. 91.— Fertile hj^pliti of PeniciUitun 
'aucum, 8 The rows of conidia ; m purl of 
hypha of the mycelium (x 160). 
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plants may become infected. In course of time the fungus pervades the whole 
tissue of the ovary, and after it has destroyed it, it forms a hard mass of tissue 
of about 1-2 centimetres in length and of a dark violet hue, th^ sclerotium, 
wliich is known as Ergot. This sclerotium, alter it has fallen to the ground, 
gives rise in the following year to a few stromata, which resemble little knobs 
borne on stalks (Fig. 92 .d) ; and the perithecia, which are very numerous, ai;e 
imbedded in the tissue at the surface (Fig. 92 cp). The ascospores which are 
developed in these find their way to young Rye plants, and their mycelium, 
penetrating tlirough the leaf>sheaths, extends to the flow^er, where again the 
Honey-dew is formed. The various species of Cordyceps infect^ the larvas of 
insects. 

{d) The Blscomycetes differ from the preceding only in that the 



Fio. 02.— Ciauioc])A ])urpur6a. A A Sclerotium (c) (x 2) bearing stromata (cZ). S Section 
of a stroma ; ep the pcrithccia. C A perithecium more highly magnified. D An osena 
ruptured, the elongated spores (sp) are escaping. (Sachs.) 

hymenium covers the surface of the discoid or cup-fihaped fructifi- 
cation which is an apothecium (Fig. 93 h), 

1. The Phacidiacea grow upon various parts of plants, to which the small 
black fructification is closely. attached, lihytisma Acerinuin appears in the 
form of round dark spots on the leaves of the Maple .The mycelium is 
probably parasitic, but the development of the fructification does not take 
place until after the leaves hav6 fallen. The same is the case with Hysterium 
nervirequiumt wliich inhabits the leaves of the Silver Fir, with If- maerosporum, 
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which inhabits those of the Spruce, and with H. PinaHtn, whien inhabits those 
of the Pine. They cause the leaves to turn brown and to fall off. The apothecia 
are somewffat^elongated, and cause the rupture of the epidermis. 

2. The Pezizacea have fleshy or 


waxy cup-shaped apothecia. They 
ferow upon different substrata, Asco- 
bolus upon dung, some species of 
Peziza upon earth, others upon parts 
of plants fP. Willkoinmi causes the 
so-called cancer of the stems of tlie 
Larch), Bulgaria, with a gelatinous 
orbicular fructification, upon dead 



branches. 


Fig. 93.— Lon^itndiriiil section of tlio fnicti. 


3. The lUlveVaceai have usually of 

club-shaped apothecia, the smooth or 


reticulate surface of which is covered by the hymenium. To this group be- 


long the (esculent) species of the genus Morchella, the Morell, IJelvella, etc. 


The Lichens were formerly regarded as a distinct class; but 
recent investigations have shown that they are Ascomycctes be- 


longing to the Pyrenomy- 
cetes and Discomycctes 
which are parasitic on 
Alga3. These Alg© are 
enclosed in the thallns of 
the Lichen, and were for- 
merly termed gonidia (Fig. 
94 g). The gonidia are 
either solitary spherical 
green cells belonging to 
the Palmellaceos (Algae), 
or they are cellular fila- 
ments: if they are of a 
red colour they belong to 
the genus Chroolepus, if 
of a bluish-green they be- 
long to the g^nns Nostoo 
or to some other genus 
of the Phycochromaceae. 



They may be either 
irregularly distributed 
throughout the thallus, 
when it is said to be 


Fio. 9i.— Transverse section of the thallua of Sticto 
/uliginosa ( x 500). o Cortex of tho upper surface ; « 
under surface ; m network of hyphas forming the 
medullary layer; g gonidia; r root-like outgrowth* 
(rhizines) of the under surface. (After Sachs..^ 


komotowerous; or they may bo arranged in definite layers in the 
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mycelium, when the tliallus is said to be heteromerous (Fig. 94). The 
organs of reproduction belong entirely to the Fungus, and, the carpo* 
spores are produced in asci. The asci in some cases are contained 
in apothccia (in the Discomycotes) ; in others they are enclosed ir 
perithecia (Pyrcnomycetes) (Gymnocarpous and AngiocarpouS 
Lichens). In these, as in other Ascomycetes, sporinogonia occur -, 
in the Lichens they are receptacles, probably to be regarded as male 
organs, in which spermatia are formed by abstriction the female 
organ, which is termed a carpogoninm, is a hypha which forms two 
or more coils of short cells in the thallns, and then proceeds straight 
to the surface, beyond which the terminal cell pro jects ; the coiled 
part is termed the ascogonium, the straight part is termed the tri- 
cliogyno. It resembles the female organ of the Floridca) in that it 
is multicellular, and the same term is made use of in the two cases. 
The spermatia are brought by means of water into contact with the 
tricliogyne, and the contents of one or more spermatia pass into it. 
The result of this fertilisation is the development of an apothccium, 
the asci of which are alone developed from the ascogonium, whereas 
the rest of the apothecium is formed by a special development of 
other hypha) lying around it. The tricliogyne takes no part in the 
n A formation of the fructifica- 

tion. Lichens are also repro- 


tion. Lichens are also repro- 
duced by means of soredia ; 
these are small groups of 
gonidia invested by hyphro, 
which are set free from the 
thallus and grow into a new 
individual (Fig. 95). 

Lichens grow on trees. 




m 




• Fio. M.-A-D Sorctlia of Uimta barlata, A A rOcks, Walls, and On the 
dimple suredium, consisting of a gonidium covered , - _ - 

with a web of hyph®. B A soredium, in whi^b the earth amongst MosseS : they 
gonidium has multiplied by division. C A group of may become Completely 
simple soredia, resulting from the penetration of 3 ..i . r 

the hyphro between the gonidia. JD, E Germinating ^ ^ Without having 

soredia; the hyph® are forming an apex of growth, their vitality ^destroyed, 
and the gonidia are multiplying. (After Sachs.) According to the form 

and texture of the thallus. Lichens may be arranged in the fou! 
following groups. 

(a) Fmticose Lichens. The thallus grows erect in a shrub-like 
manner: its internal structure is the same in all pai*ts; that is, 
there is no distinction of an npper and an under surface: the 
l^hidial layer osuallt fonns a hollow cylinder. 
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•To this group belong the various species of Usnea (Fig. 96 i-l), and allicil 
genera with a cylindrical thallus, which grow on trees. Roccelhi tiuctoria 
grows on •rocks in regions bordering on the Mediterranean; from it and other 
allied Lichens litmus is prepared, liamalina and Evemia, with a ribbon- shaped 
flattened thallus, occur on trees and wooden fences ; Cetraria islamlica is the 
'Iceland Moss, which forma a mucilaginous fluid when boiled with water. 
Anaptijehia ciliaru^ which resembles the foliaceous Lichens, with a flattened 
thallus, is common on the trunks of trees. Cladonia lias a scaly decumbent 
tliallus, fr«n which erect branches spring bearing the apotliecia : Cladonia 


Fxq. 06. --A A iruticose Jjichen, Usneji barbata, with npothecia, a. li A foliaceous Lichen, 
Slicta pt*lv\omc€at with apulhocia, a (nat. size). (After Sachs.) 



finihriata is common ; Cladonia rangiferina^ the Rein-deer Moss, occurs on 
moors: Sphaerophorus has the same external appearance, but it is pyreno- 
carpous. 

, (6) Foliaceous Lirheiis, The thallus is flattened and adheres to 
the substratjim: the green (rarely bluish-crreci;*) gonidia form a 
single layer beneath the upper surface (Fig. 34 j. The margin of 
the thallus is usually lobcd. 

Purmelia parietina occurs, with its bright yellow thallus, bearing apotliecia, on 
tree- trunks and walls, together with other species of a grey colour. Sticta pul- 
monncea (Fig. 96 R), has a reticulated yellowish thallus, and grows on tree- 
trunks. Peltigera is represented by several species which grow on mossy banks 
in woods : the apothecia are borne on the margin of the lobes of the thallus. 
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Umbilicaria and Gyrophora, of a dark colour, grow on silicious rooks. . Eiulo- 
carpon lias a grey tbalhis with numerous small perithecia, which appear as black 
dots : it grows on rocks. r ^ 

(e) Orustaceous Lichens, The thallus is usually indefinite in 
outline, and can often bo scarcely distinguished from the sub^ 
stratum, the fructification alone being conspicuous. 

The numerous species and genera are classified according to the size and form 
of the spores and to the structure of the fructification. 

(a) Discocarpi ; the apothecinm is 
surrounded by an outgrowth of the 
thallus, and in the Lecanorese it is 
at first entirely enclosed by it, e.g,, 
Leeanora subfusca, common on the 
trunks of trees : in the Lecideaceos it 
is surrounded by a ridge, but is never 
enclosed; to this group belong the 
common Buellia parasema^ occurring 
on tree-trunks, llhizocarpon geogra- 
vhicum^ which forms bright yellow 
incrustations of often enormous ex- 
tent on silicious rocks. The apo- 
thecia are irregular, sometimes linear 
in form (Fig. 97 A B) among. the 
GraphideoB, the gonidia of which are 
the red cells of Chroolepus : GraphU 
scTipta is common on the trunks of 
Beeches. The small Calicieas, which 
are common on bark, on wooden 

Fiq. 97. — Crustaceons Lichens. A and B fences, etc., have stalked apothecia, 
Graphisdegans, B Slightly magnified. C Per- as also the Bffiomyceffl (without any 
(usaWa Wulfeni, slightly magnified. (After .n v 

j ndge) : Baomijces roseiis is commoo 

on sandy soil. 

jb) PyrcJiocarpi, The perithecia are imbedded in outgrowths of the thallus, 
either singly or several together, as (Fig. 97 C) in Pertusaria : they project from 
I he thallus, and are provided with a special black investment in the Verrucariefe. 

Many species of orustaceous Lichens inhabit the highest peaks of the Alps, on 
which no other vegetation is to be seen, and they contribute materially to the 
wealhering of the rocks. When they grow on the trunks of l^ees, they occur 
more especially upon those which have a smooth surface: the formation of 
bark interferes with their growth, 

((2) Homoiomcrous Lichens, The gonidia belong to the Phyco- 
chromaceie : the thallus is usually lohed, of a dark colour, more or 
less gelatinous, sometimes filamentous. 

The latter is the case in Ephebe, whioa consists essentiaUy of a filamentons 
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Alf^a (Sirosiphon) surrounded by hyphfo. Collema is gelatinous (Fig. 98 ) ; it 
grows on moist earth and on rooks. 

• • 

iO. Tho UsTiLAGiNE^ aro parasitic in 
the tissues of the higher plants. Their 
fepores are formed from the protoplasmic 
contents of cells of the hyphee, tlie walls 
of which J)ccome mucilaginous, and are 
usually of a black colour. These cells 
occur in great numbers in those parts of 
the host, usually the reproductive organs, fio. oa-A gelatinous Lichen, 

which are permeated by the mycelinm. Coiiema pniposuw, slightly mag- 
ri <1 • • r j. n 1 j nilied. (After Snehs.) 

Several species infest our Cereals, and 

the seeds become filled with spores. The spores germinate at tlie 
same time as the sound seeds, producing a promycelinm which 
bears small cells, s^wridla; when these germinate their mycelium 
penetrates the young plants and extends into the flowers, where 
a fresh formation of spores takes place. 


The most important and the most common species are Untilago Carlo, which 
especially attacks Oats, but other Cereals and Grasses as well: U. Maidis, 
which produces large tumours in the Maize, filled with spores ; Urocystig 
occulta^ which fructifies in the leaves and haulms of tho Kye : TiUetia carieit, 
the smut of Wheat; this is dangerous because tho grains filled with sports 
remain closed, and are therefore harvested with the sound ones. Many other 
species and genera infest wild plants. 


11. The Uredine^!, or Rusts, are also parasites : their mycelium 
inhabits the cells of various kinds of plants and usually bears 
several kinds of reproductive cells. In most of them small fructi- 
fications, termed cecidia, are borne by tho mycelium, formed 
probably in consequence of the fertilisation of female organs by 
spermatia (Fig. 99 L a and A). They project from the surface df 
the infested plant as small cups ; the interior is covered towards 
the base by a layer of basidia, on each of which thero is a row of 
OBQidiospores, generally of a red colour, which have been formed by 
abstriction: tl^ investment of tho fructification is formed by the 
peripheral rows of aecidiospores, which are sterile and which have 
become coherent. Besides these aecidia, and generally associated 
with them, are found the spermogonia (Fig. 99 I sp) in which the 
spermatia are developed ; in addition to these — ^but generally at a 
different season of the year — ^two other forms of reproductive cells 
occur, which are abstricted from their basidia singly and not in 
rows, and the basidia bearing them do not form a definite hymenini 
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layer, but irregular groups, which break through the epidermic of 
the host. These cells, which coiTespond to the conidia of ot^er Fungi, 
are, firstly, the uredospores^ or “ summer-spores ” (formerly regarded 
as a distinct genus and called Uredo (Fig. 99 III ur ) ; they are 
always one-celled, usually of a red colour, and they germinate 
without any period of quiescence, by the protrusion of an ordinary 



Fio. 99.--P»m7?Ta gromtiiw. I Transverse section of a leaf of Berberis, with ipciflia (ft); 
p the wall of the recidia ; n lower, o npper surface of the leaf, which hqjf; become thickened 
at tt y in consequence of the presence of the parasite; on the upper surface are spermogonia 
(*p>. A A young eecidium which has not yet burst. II Layer of toleiitospores (f) on the 
leaf of Triticiim repenn; « its epidermis. Ill Part of a layer of uredospores on the some 
plant; ur the uredospores : t a teleutospore. (After Sachs.) 

mycelial hypha: by means of these the parasite, is conveyed to 
other individuals, on which in a few days it produces fresh uredo- 
epores. Secondly, there are the tehutospores^ or “ winter-spores,” 
which are mostly blfrdk and often many-celled (Fig. 99 lilt and 12); 
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they are formed in many species only in the antnmn, and persist 
during ^winter, germinating subsequently in a peculiar manner. 
The hypha produced from the spore, the immiijcclium, divides into 
four cells, from each of which a minute cell, called a spandiuirit is 
•abstrictad, which finds its way to a host. These various forms of 
reproductive cells usually alternate ; thus the mycelium developed 
Irom the cecidiosporcs produces uredospores, and the mycelium 
that proceeds from these (often after several uredospore- bearing 
generations have intervened) produces teleutosporcs ; from these 
sporidia are develppcd, which, when they germinate, give rise to a 
mycelium producing cecidia. In many species Inderaicism takes 
place ; that is, that this variety of form of tho re]n*oduetive cells is 
connected with a change of hosts. All species, however, have not 
so great a variety of spore-forms. Some Uredineoe are known in 
which the mcidiosporos produce jneidia, and others in which the 
teleutospores produce a mycelium bearing tolcutospores. In other 
cases there are grounds for assuming that their life-history is at 
present but imperfectly known. They fall into the following 
natural subdivisions : 

(a) Pucciniea. Tho teleutospores are one or more-celled on solitary froe 
stalks ; aecidia and uredospores are also commonly fouiul. To the genus Puc- 
cinia, with a two-celled teleutospore, belongs Puccinia graminU (Fig. 99), the 
Rust of Wheat ; the uredospores (formerly called Uredo linearis) form roil 
streaks on the leaves and haulms of cereals and grasses ; in the autumn the 
teleutospores appear in similar streaks, but they are black ; these germinate in 
the following spring exclusively on the leaves of Rerberis where the aduia 
appear in red swollen patches (formerly known as yEf^idium Berheridis); the 
OQcidiospores are conveyed to Grasses, and there give rise to a mycelium with 
uredospores, the Rust. 'J’he same processes take place in P. straminis^ the 
aecidia of which are formed on Borages ; and P, coronata, the ascidia of which 
are formed on Riiamnus. These three forms of Rust cannot grow on Grasses 
■ unless their cccidia have been previously produced in the spring ; hence their 
appearance depends on the presence of plants which are suitable for the develop- 
ment of the flBcidia. Of P. Malvacearum^ only the teleutospores are known ; they 
are constantly reproduced from the mycelium which they form, so that no 
alternation occurs. P. Compositarum has all these diiTcrent kinds of spores, and 
produces them dli the same host. XJromyces differs from Puccinia only in having 
oue-cellfid teleutospores ; U. Beta is the Rust which grows on the Beetroot ; — to 
this genus the ccidium may probably he referred which is formed in the leaves 
of Euphorbia Cyparissias (probably to U, Pisi, the rust of tho Papilionace©, or 
to U. sciitellatust that of the Euphorbi©), and causes a conspicuous enlargement 
of them. The ©cidium-mycelium is perennial in the rhizome cf the Spurge. 
Phragmidium, with many-celled teleutospores, is common on the leaves of the 
Rose, Blackberry, and others. 

(h) GymnoKporangiea, The teleuto-^porea are two-celled on stalks which are 
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united into a gelatinous mass ; the mycelium which bears them is perennial«iii 
the branches of some Coniferte, particularly the species of Juniper ; teleutospores 
are formed in the spring and germinate on the leaves of Pomacea},»oif which the 
large secidia, which open in a peculiar manner, are found in summer. Gymno^ 
sporangium fuscum occurs on Jnniperus Sabina, the cecidia (known as Rosstelia 
cancellata) on the leaves of Pears : Cr. elavariaforme on JurUpents •communis,* 
the lecidia [Itoestelia laa rata and penicillata) on the leaves of Apples and Haw> 
thorns : G. conicum also on J. communis, and the lecidia (22. cornuta) on the 
Mountain Ash. # 

(c) Melampsorea. The teleutospores are many-celled, and are united together 
into a firm palisade-like la^^er ; the lecidia are for the moat part unknown, but 
the uredospores of many forms have been found. Mclampsora has black layers 
of teleutospores ; M. salicina, popuUni, Lini, attack the plants whose names 
they bear. Calgptospora Gbppertiana occasions conspicuous swellings on the 
stems of Vaccinium Vitis Idaa. CJmjsomyxa Abietis, with gold-coloured 
teleutospores, appears at* the end of April on the second year’s leaves of Spruces, 
and, as they germinate, they infect the young leaves. Coleosporium, likewise 
with gold-coloured teleutospores, grows on many herbaceous plants, ^cidium 
Pini forms a perennial mycelium in the leaves and bark of Pine-trees, and bears 
in the spring its secidia, which have a white investment ; it belongs to Coleo~ 
sporium Senecionis, a common species, which bears uredospores in the summer 
and teleutospores in the autumn on Senecio sylvaticus. The innoculation of 
Pines can only be effected by means of the teleutospores formed on Senecio. 

(d) The KndophyllecB bear only ajcidia which reproduce themselves without 
the intervention of any other form of spore. Eiulophylluni Sempervivi grows. on 
the leaves of the House-leek. 

{e) Imperfectly -known JEcidia, which do not directly reproduce themselves, and 
must therefore possess teleutospores : the relations of these are not as yet 
known. To these belong ACcidinm elatinum, which inhabits the cortex of the 
Silver Fir, and causes large crab-like excrescences, as well ns the monstrous 
growth of twigs, known as “ Witches-brooms,” on the leaves of which the 
eecidia appear Ahietinnm occurs on the leaves of the Spruce in mountain- 

ous districts. JEc. strohilinnm, on the scales^ of Spruce-cones. Cteoma is also 
regarded as an secidium ; the hymenial layer is not enclosed by any investment. 
Ct pinitorquum grows on the branches of young Pines, often on one side only, 
so that they become bent 

12. Basidiomycetes. To this group belong most of the larger 
Fungi commonly known as Mushrooms and Toadstools. Thje 
mycelium consists of delicate white strands of hypljro, which per- 
vade the substratum upon which it grows, and the part which is 
usually recognised as the Fungus is the fructification, that is, the 
organ which produces the conidia. It was formerly thought that' 
this fructification was formed, as in the Ascomycetes, as the result 
of a process of fertilisation taking place in the mycelium ; but most 
careful investigation has failed to detect any trace of a sexual 
orocesa; the fructification is simply formed by the putgrowtli of 
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certain parts of the mycoliura. In view of the high organization 
of these Fungi, it may be reasonably assumed that sexuality haf« 
liere gradually disappeared. 

The conidia are formed in or upon the fructification ba- 


sidia, which together 
’form tlfe hymenium; 
the basidium (Fig. 100 
G) usua^y bears at 
its summit four small, 
slender sterigmata, 
from each of which 
a conidium is ab- 
stricted. 

(a) The TremclU- 
neoe, or gelatinous 
Fungi, have basidia 
resembling in ' form 
the promycelium of 
the Uredino 80 . The 
fructification is soft 
and mucilaginous ; its 
surface is covered by 
the hymenium which, 
at the time of the 
formation of the con- 
.idia, looks as thougli 
powdered with white 
dust. 

Tremella mesenterica, 
with irregularly furrowed 
fructification ; Exidia Au- 
ricula Juda^ a spongy 
Fungus growing on the 
Elder, with a brownish 
fi\ictification somewhat 
resembling the shell of an 



PlQ. lOO.^Aijarioun campestriH. A Tangential Bcction of 
the pilous, showing the laraellao, 1. jB A similar section of 
a lamella more highly magiiHied ; hy the hymenium j t the 
central tissue called the Trama. C A portion of the same 
section more highly mngnifled (x 650); o young basidiit 
and paraphyses ; sHhe first formation of conidia on a basi* 


ear, and others, are not dium ; s" more advanced stages ; at s"" the conidia have 


rare on rotten wood. fallen off. (After Sachs.) 


(b) Uymenom\fcetes» The structure of the basidia is similar to 
tliat above described; the fructification bears the hymenium on its 
upper surface, which is very various in form ; the very numerous 
forma are accordingly subdivided into: 
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1. Thelephorea ; the surface 'bearing the hymenium is extended over tbs 
substratum as a crust, or else forms the smooth under-surface of a hat-shaped 
fructification. Tho simplest form is Exobasidium Vacdnii^ whiq)i is parasitic 
on the leaves of tho Red Whortleberry, and very commonly covers them with a 
whitish crust. Corticium forms crusts on the bark of trees ; Stereum has o 
hat-shaped fructification which, when seen from above, bears some resemblanct; 
to various species of Folyporus, but it has a smooth hymenial surface ; it is 
commou on trunks of trees, palings, etc. 

2. Clavarica, The hymenium clothes the smooth surface of t^e fructifica- 
tion, which is cylindrical, or club-shaped, and often branched. The genua 
Clavaria has many species *, C. Jlava has a sulphur-yellow, coral-like fructifica- 
tion which is edible (Fig. 101 A). 



Fia. 101.— A Branch of Clavaria )lava (nat. siee). B FniotiQcation of Hi/dnum iiabricatum i 
at prickles ; s scales of the upper eurface (i cat. size). C Longitudinal section through the 
fructification of a Folyporus ; p tho tubes clothed with the hymenium j the tubes show on 
the under surface as pores (t nat. size). 

d. Ilydnea, The hymenium covers prickly projections of the fructification, 
which is either a crust or is hat-shaped, and is either attached laterally or 
stalked. Jlydnum imhricatum is eatable : other species have a fleshy pilens 
with a central stipe (Fig. 101 B), 

4. Poly pore <B. The hymenium clothes the inner surface of tubes, which are 
either free or, more often, connected into a layer which covers a portion of t^ie 
fructification. The fructification of Folyporus and Trametes is. generally 
attached laterally, and often of a horse-shoe shape (Fig. 101 0). P. fomentariw 
is used in the preparation of what is known in England as German tinder ; 
P. oJicinalU is used in medicine as Fungus Laricis ; the mycelium of Trametes 
Pini attacks the heart-wood of Fines and makes them decay ; T. radiciperda 
occurs in the roots and lower part of the trunk of Spruces and Fines, causing 
their destruction. Dtedalea occurs on old oaks ; its tubes anastomose and form 
a labyrinth. The mycelium of Merulius lacrimans penetrates the timbers oi 
houses and causes them tq decay (Pry Rot). Boletus has a fleshy stalked pilous 
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from which tho hymeuial layer may be easily Separated. Boletun edulit and 
Beaber are edible ; B. Satanas and others are poisonous. 

0 . AgarichKBt The hymenium clothes special lamelliform outgrowths of the 
fructification, which commonly assumes the form of a stalked or sessile pileus. 
Tho stalked forms ore either naked from the first, or they are enclosed at an 
early stage m an investment which remains after the full development of the 
fructification as an appendage of one form or another. An investment which 
at first surrounds tho whole pilous and stipe, and, at maturity, surrounds the 
base of th^ stipe like a 
sheath, as in Amanita, is 
called a velum univemile 
(Fig. 102 A B v)\ while a 
velum par Hale only covers 
the under surface of the 
pileus where the lamcllffi are 
borne, and when this is 
fully developed it is repre- 
sented only by fragments 
hanging from the margin or 
forming a ring round the 
stipe (Fig. 102 G a), e.g., 

Agaricut campestrh and 
procerus : in the Fly- toad- 
stool, Amanita muscanust 

both kinds of velum are ^ 

present together. Besides what later stage; v the ruptunMl velum. C Jgaricus 
these conspicuous characters nielleua : m the mycelium ; a the ring formed by the velum 
the colour of the conidia is (i^iat. size). 

also of importance for distinguishing the species ; this is easily discovered by 
laying the fructification on white or black paper, which becomes covered with 
the conidia which fall out very readily. 

The great genus Agaricus (the lamcllated Fungi) has lately been subdivided 
into several genera. In Coprinus the fructification very soon undergoes dis- 
integration, forming a black shiny fluid ; Lactarius contains milky juice (latex). 
In Cantharollus the lamcllss are prolonged down the stipe. Of edible species 
the following may be named: Cantharellus cibarius^ Lactarius deliciosm^ 
Agaricus campestris^ th^ Mushroom, A. procerus^ distinguished by a moveable 
ring, and A, Ccesareus : the poisonous species are Lactarius torminosus and 
Agaricus or Amanita mu'fcarius, A. melleiis has a peculiar mycelium, matted 
into strong shining black cords, formerly regarded as the genus Bhizomorpha, 
which lives in the ftark of trees and kills young Conifers, particularly. Spruces 
and Pines; it gives off subterranean branches which attack the roots. 

The fructification of other species is of a hard leathery or woody consistenev ; 
these live commonly on old wood; such are Panus, with a small pilous 
mounted on an eccentric stipe ; Lenzites, where the pileus is lateral and sessile ; 
Marasmius, the elegant pilei of which are often seen on the leaves of Conifers 
which have fallen off. 

(e) Oastromyceies In these, as tho name sn^^eshs, the hymenium 



Fio. 102.— A Barly stage iii the dovclopmeut of the 
fructification of Agaticus vaginatus: v the velum univer- 

anla . af fViA . 1. fV>A niluiia . 1 fliA larnAlIm Ji A onma. 
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is enclosed within the fructification, the internal tissue of which 
forms numerous cavities or chambers, the dividing walls being 
known as the trama ; the hymenium clothes these caTvities, being 
attached to the triima. When the fructification is ripe, great 
changes commonly take place in this internal tissue, which havC'^s 
their object the dispersion of the conidia ; the external wall (perU 
cUiiin) usually consists of two layers. This group is subdivided as 
follows, according to the modifications undergone by the moeriial 
tissue and the character of the peridium. ' 

[a) The Hymennrj autre in which the chambers and hymenium are persistent 
these are truffle-like underground Fungi. 

(&) Lycoperdacea (Pu£f-balls) ; only a few strong threads of the internal trama 
remain, forming the capWitium^ with the isolated conidia between them. In 
Lycoperdon the ‘outer peridium scales off, the inner splits open at the top, and 
the conidia escape as a cloud of dust. In Geaster the outer peridium splits in 
a star-shaped manner and rolls back ; the inner opens by a hole at the summit. 

(c) The NidiUariem have a vase-shaped fructification within which the 
chambers become isolated, forming small hard bodies. Orucibulum and 
Cyathus are not rare on rotten wood. 

(<i) Th^» Phalloidece, The peridium consists of three layers, and after they 
are ruptured the whole internal tissue is elevated on a stalk and becomes an 
ill-smelling mucilaginous mass containing the conidia. Phallus impudieus is 
poisonous and occurs among brushwood. 


GROUP II. 

MUSCINE^. 

In this group we find a sharply defined alternation of generations 
vhich, in certain points, agrees with that of the following group ; 
a sexual generation — ^that is, one which produces sexual organs — 
•alternates with an asexual generation, which produces only spores. 
The germinating spore gives rise to the sexual generation (the 
roploro), the Moss-plant, in some cases directly, but in most cases 
ifter the formation of a filamentous growth, the protonema. In the 
lOwer forms this generation is a thallus, but in the higher it consist« 
of stem and leaves, and is capable of repeatedly developing sexual 
organs. From each oosphere an individual of the asexual generation 
(the sporophoi’e) is developed, which continues to be superficially 
c3onnected with the original Moss-plant, and assumes the form of a 
stalked capsule which is commonly known as the fruit of the Moss; 
this body forms spores, without any ramification or repetition, and 
\fs vital activity ceases with the rioenin? of the spores. 
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•Since Mosses have a distinct stem and leaves, but no true roots 
nor vascular tissue, they take the lowest rank among; the Con no- 
pbytes. 

The male organs, as in all the higher 
•Cryptogfims, are called Antheridia^ the 
female, Archegonia, 

The antheridia are spherical, ovate, or 
club-shafled bodies, with long or short 
stalks (Fig. 103) ; the external layer of 
cells forms the wall, while in each of the 
internal cells, which are small and very 
numerous, an anthcrozoid is developed. 

The wall ruptures at its apex when it is 
moistened, and the mother-cells of the an- 
therozoids are set free ; they subsequently 
discharge their , contents. The anthcro- 
zoids (Fig. 103 c) are spirally-wound fila- 
ments thickened posteriorly ; the anterior 
end is fuimished with two delicate cilia 
by which they move in the water usually 
present in the capillary spaces between 
the leaves of Mosses. 

The arohegonia (Fig. 104) are flask- 
shaped bodies, dilated at the base and ter- 
minating upwards in a long neck. An 
axial row of cells is contained in 
archegoniura ; the lowest cell, which is the strongly magniflod ; b in the 
largest, is the oosphere^ and the remainder “«ther-ccii ; c free anthcroaoid 

are canal-cells : the latter are disintegrated 

shortly before fertilisation, so as to form a slimy mass ; the fcsir 
uppermost cells of the neck, the stigmatic cells (iit), separate, and 
the antherozoids pass through the opening into the canal and 
i^each the oosphere, which becomes surrounded by a membrane a*) 
a conscquenc^ of fertilisation. 

The sexual organs are often solitary, but are also frequently 
collected into groups which sometimes consist exclusively of arche- 
gonia or of antheridH, but sometimes of both. These gi*oups, 
known sometimes as Moss-flowers, are occasionally surrounded by 
special investments, the perichcetium and the perigynium^ consisting 
of modified leaves. The hair-like organs which occur at the inser- 
tion of the sexual organs in these so-called fiowers are the parv^ 



Fio. 103. — Fiinaria hygrotnet 
rica, A An antberidiiim biirHt- 
each antherozoids ( x 350) 

B The antherozoids more 
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jphyses. The second or spore-forming generation (sporophore), 
the sporogouinniy is immediately developed from the fertilised 
oosphcre. The base of the sporogonium penetrates i&ore or less 
into the tissue of the Moss-plant, and is even nourished by it, but 
the cells of the two generations are not in organic connection 


Fig. — Funarta hyg)'orMtrtCQ, A 
liongitudinal soction of the sommit of a 
weak female plant ( x 100) ; a archegonia; 
b loaves. B An archegonium ( x 660); 
b ventral portion with the oosphere ; H' 
neck ; m month still closed ; the oelln of 
tho axial row are beginning to be con* 
verted into mucilage. C The part near 
the month of the neck of a fertilised 
archegonium with dark red coil-walls. 
(After Sachs.) 


Fio. lOo.—Funaria hygrortukiGa. A Origin ot 
the sporogonium (//) in the ventral portion 
(bb) of the archegonium Oongitiidinal section 
X 600). B C Different further stages of de- 
velopment of the sporogonium (/) and of tlis 
calyptra (c); h neck of archegonium (x 
about 40). 


with each other. The wall of the a,rcliegonium, within which the 
development of the oospore into the sporogonium proceeds, con 
tinues to grow for some time, and sun'ounds the yonng sporogonium, 
when it is called the calyptra (Fig. 105 c 7t). At a later stage it is 
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mptnrcd in different ways according tb the family to which the 
plant belongs, and the remains cling to the base or to the apex of 
Ihp spordgohium. 

The sporogonium assumes, soonei or later, the form of a capsule 
^rith a more oi less elongated stalk (seta). Certain layers of tissue 
within the capsule give rise to the spores, by division of their cells 
into four. In the true Mosses and in the Anthocerotero, a central 
mass of liissue is left which does not give rise to spores, and is 
called the columella. On the other hand, in many of tlie Liver- 
worts, some cells of the spore-forming tissue do not give rise to 
spores, but form the elaterSf which are cells usually having a spiral 
thickening on their inner surface. The spores are in many cases 
set free by the decay of the wall of the capsule, but in general the 



of a devoloped protonema, about three weeks after germinating ; h a procumbent primary 
shoot with brown wall and oblique septa, out of which arise the ascending branches with 
limited growth. K Rudiment of a leaf-bearing axis with root-hair (u;). (A x 650, B aboulfbO.) 

capsule splits open, either in segments from the apex to tlio base, 
or irregularly, or the upper part of the capsule comes off like a lid 
\operculum ) ; in most of the true Mosses there is an operculum 
which, from ^ihe first, is differently constructed to the rest of the 
capsule. 

The spores are spherical or tetrahedral ; their cell- wall consists 
—as also in the following groups — of two layers: an outer and 
tougher one, the exospore, and an inner and more delicate one, the 
mdospore. On germination, the outer layer splits oj)en, and the 
cell, surrounded by the endospo^, grows and divides, a procesi^ 
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which in most cases leads to the formation of the protonema, which 
IS either a network composed of filaments of cells containing chloro- 
phyll, or else a fiat, green, cellular body. The rows oJ cell's fonn- 
ing the protonema are lateral appendages, which are either lipiited 
(Fig. 106 B h) or unlimited (Fig. 106 B h) in their growth; it is 
thus the simplest form of the Moss-plant. This is most conspicuous 
in the cases where it passes directly at its apex mto a* Moss- plant. 
More frequently this transition takes place by means of lateral buds 
(Fig. 106 B K) which arise at the base of a limited lateral branch. 

The branching of Mosses is never axillary; the lateral shoots 
usually arise by the side of or below the leaves. 

Many of the Mosses have organs for vegetative propagation, 
commonly known as bulbils or gemmee^ and besides these special 
organs they are in the highest degree capable of vegetative multi- 
plication by simple branching and innovation ; indeed, the forms 
which are of most frequent and extensive occurrence, llyloco- 
nuum triquetrnmf increase chiefly by these methods and rarely 
i^roduce sporogonia. 

The group is naturally divided into two classes which are dis- 
tinguished principally by the following characters 

Class III. Hepaiicoti (Liverworts), The capsules never open by 
the separation of a special operculum; they are either four- or 
two-valved, or they open irregularly by the rupture of the upper 
portion, or they do not open at all. In most of the orders elatci s 
are found among the spores; a columella is present only in the 
AnthoceroteaD ; the spores ripen whilst the capsule is still enclosed 
in the calyptra. The calyptra clings, after its rupture, to the base 
of the capsule : the plant of the first generation is a thallus, or a 
stem furnished with leaves, the leaves being formed of only a single 
la^er of cells; the stem is always bilateral; the root-hairs are 
unicellular. 

Class IV. Musd (True Mosses) The capsule usually opens by a 
distinct operculum; elaters are never present, but the columellfi 
always, at least in the early stages. The calyptja is usually 
ruptured by the capsule long before the spores are ripe, and is 
elevated upon it. The plant of the first generation is a stem 
furnished with leaves which not unfrequently have a midrib of 
several layers of cells ; the stem is not usually bilateral; the root- 
chairs are multicellular 
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^CLAbS III.— HEPATIC^ (LIVERWORTS), 

TJie ca'pmle •usually sj)Uis into four valves; elaters until spiral 
tJiicJcening^ are almost always present, but there is usually no columella ^ 
the calyptra remains attached at the base of the capsule. 

The plant of the first generation, in some of the forms belonging 
to this elites, is actually a leafless thallns ; in others it is a thalloid 
stem, furnished with small scale-like leaves ; others again have a 
stem bearing green leaves. The first two arc said to hidfrondose, 
the last f otiose. The frondoso species cling closely to the surface 
on which they grow, and arc consequently bilateral, the two sides 
or surfaces differing considerably; the cells of the upper surface 
contain much chlorophyll and are generally protected by a distinct 
epidermis, those of the under surface contain but little chlorophyll 
and alone give rise to root-hairs. The foliose forms also frequently 
creep over the substratum and exhibit various forms and arrange- 
ments of their leaves corresponding to their mode of life. In 
correlation with the bilateral structure which obtains throughout 
the whole class, the leaves are of two kinds ; inferior leaves^ which 
are inserted upon the side of the stern which is in contact with the 
substratum, and which are imperfectly developed ; tlicse are the 
only leaves borne by the frondose Liverworts which have any : in 
addition to these leaves (called in the foliose forms 
the foliose Liverworts have two rows of lateral leaves^ which are 
inserted upon each side of the upper surface of the stem. 

Tills class includes four orders. 

Order 1. Riccieas. 

The archegonia and anthcridia stand isolated on the upper sidft 
of the thalloid stem. The capsule is spherical, usually sessile ; it 
contains no elaters, and does not rupture. 

*liiccia Jiuitam has a beautiful dichotomously-brancbed stem, and i?. natam 
a broad lobod stem ; they occur occasionally in water ; It. glauca and other 
species occur on fields. 


Order 2. ANTnocEROTEJS. 

The thallns, which contains much chlorophyll and is irregularly 
branched, creeps on the gronnd. The archegonia are imbedded in 
the upper surface. The capsule is long and thin, like a pod ; it 
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splits Open from above into two long valves ; it contains a columelli- 
and elaters which have no spiral bands. 

Anthoceroa lavU (Fig. 107) and punctatus are fonnd 
on loamy and sandy Helds and woodland clearings; 
they are not common, but where they occur .they grow, 
in considerable quantity. 

Order 3. Marchantie^. ^ 

Fig. I 07 .-. 4 i.tiiocero. Unit The archegonia and antheridia are nsnallj 
(natBize). Jf The capsalea, collected respectively into groups on special 
Bomeaa}et unopened. npiHght, umbrella or hat-shaped branches, 

the receptacles (Fig. 108 A 1m), of the thalloid stem: the stem 
bears on its upper surface numerous large stomata, and on its lower 
surface two rows of scaly inferior leaves and a number of root- 
hairs. The capsule contains eLaters and opens irregularly, or by 
four valves, or by the removal of its upper part. 



A 



Fis. 108.— Portion of a atem.of Marchantia polymorpha (t), with the upright mnle le- 
ceptacle (bearing antheridia). B Portion of a stem with a receptacle containing gemmae; 
V f apioca of the two branches. (After Bachs.) 


Marchantia polymorpha, which is very common on paths, on walls, and in 
peat-cuttings, has a thick, creeping, dichotomously-braiiched stem. The 
antheridia are borne on the upper side of umbrella shaped branches (Fig. 108 
A hu), and the archegonia on the under side of similar radiated receptacles. 
Besides these the stem produces from its upper surface cup-shaped vessels 
sontaining gemmsB (Fig. 108 B), FegateUa conica is similarly provided with a 
conical receptacle ; in lleboulia hemispharica it is semi-globular ; these plants 
>oour on rooks and damp walls, particularly in mountainous neighbourhoods. 


Order 4. Jungermannieji. 

The capsule splits into four valves from the apex downwards 
Elaters fire present. 
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(а) Anacrogynce. The archegonia arU not borne at the apex of 
the thallus or stem, but on its upper surface ; they are surrounded 
by an invoRicre formed by the stem or thallus : they ai’O usually 
frondose. 

• Metzgeria furcata has a narrow dichotomously-branched thallus consisting ol 
a single layer of cells, which is traversed by a midrib consisting of many layers ; 
it grows very commonly on tree-trunks, but it rarely fructifies. Pellia epiphylla 
has a brofM thallus, consisting of several layers of cells ; it is not uncommon 
by springs, on damp rocks, etc. Aneura piiiguis and other species occur in 
similar localities. Blasia pusilla has a tholloid stem ; it grows on damp fields 
and by ditches. 

(б) Acrogyim. The archegonia are situated at the apex of the 
stem or of certain branches of it, and are svirroundcil by a perianth, 
that is, by leaves or part of leaves which 
form an investment. The stem docs not 
usually bear inferior leaves, but always two 
rows of lateral leaves ; these leaves are 
either bidentate at the apex, or bipartite, 
and sometimes (Frullania, Iladula) are com- 
pletely divided into two lobes. The inser- 
tion of the lateral leaves is at first trans- 
verse to the long axis of the stem, but it 
becomes modified by the unequal growth 
of the stem, so that the leaves come to be 
situated either on the lower (folia succuba) 

(Fig. 109), or on the upper (folia incuba) 
surface of the stem. 

Jwngermaunia &ictt«pidata and many other species Pig. 109 . — Stem of P/ai/i* 

are common on damp soil and on the trunks of trees, chiia aitpienioides. a A ripe 
Plagiochila asplenioides (Fig. 109) is not uncommon capsule ; b one that Las 
in mountain woods. Radula cumplajiata has a small P Perianth, 

stem, densely covered with leaves, which creeps over tree-trunks and boughs ; it 
is very common. Frullania dilatata and Tamarispi, with small and elegantly- 
branched stems of a brownish or purple colour, also grow on trunks of trees, or 
on the earth, ii%damp, shady places. 

Class IV.— MUSCI (TRUE MOSSES). 

The capsule usually opens by the removal of a distinct operculum, 
Elaters are never present^ the columella always. The calyptra is 
wiCiLly carried up by the capsule. 
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The Moss-plant always consists of a stem furnished with leaves, 
which are all of the same kind ; its branches creep on the earth or 
else on trees, or they form dense plots. Bilateral strtLcftire does 
not very often occur. 

The Class may be divided into four Orders : 


Order 1. Sphagnacejs (Bog-Mosses). 

The spherical capsule contains a hemispherical colurafella, and 
opens by the removal of the upper portion of its wall ; the calyptra 
remains attached to the base. 

The only genus Sphagnum (Fig. 110) includes a number of 
species, which all live in damp woods, and more particularly on 
moors, forming extensive soft plots. The 
branches, which are densely covered with 
leaves, envelope the main stem : the leaves, as 
well as the cortex of the stem, contain large 
cells filled with water, the walls of which are 
perforated; by capillary attraction water is 
conveyed through those open cells to the top- 
most point of the plant. The lower portions of 
the quickly growing steins die ofE and form 
peat. The shortly-stalked capsule (Fig. 110 
K) is raised by the elongation of the stem 
which bears the archegonium; this much re- 
sembles the stalk of the capsule (seta) in the 
true Mosses, but it is not of the same nature ; 

Fio. 110. - stem of Called the ;pseudopodium. 

Sphagnum aeutifolium 

'nat.8ize). fc Capsules. Order 2. AnDBEJ!ACEJ1. 



The columella is columnar in form, free at the top. The capsule 
splits into four valves, which remain connected at the base and 
apex. The calyptra is raised up as a cap upon the capsule. 



Fio. Ephsmerum ser- 
ratum( x 3) ; b shoot of Andrecea 
nivalii, with (K) capsule (nat. 


The genus Andressa (111 b) lives on rocks among* 
the Alps and other high mountains. The elongated 
and branched stems are closely covered with leaves. 

Order 3. PHASOACEiB. 

The capsule does not open at all ; the 
columella, m this order and in the follow- 


size). 


ing, is connected with the wall of the cap- 


sule above and below. , The spores in Archidium are formed from 
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one of the cells of the cjlumella; th6 calyptru remains at the 
base of the sporogonium. 

phascurri ciiftpidatum^ Ephemerum ifrratum (Fig. Ill a), and Archidium 
p/mcoidea are minute Mosses a few millimetres in height, growing in fields and 
ripening their capsules in the spring. 

• t 

Order 4. Bryinj). 

The cokimella is connected with the capsule both at the top and 
at the bottom ; it is immediately surrounded by the spore-forming 
tissue (Fig. 112 s); between this and the wall of the capsule there 
is a large cavity tilled with air (Pig. 112 h) traversed by filaments 
of cells containing chlorophyll. The capsule opens by the throwing 
off of an operculum, which is from the first constructed differently 
to the rest of the capsule. Certain layers of cells of the internal 
tissue of this operculum remain in connection with the walls of the 



Pio. m.^Funaria hygrometrica. A A young leafy plant (g), with the calyptra (c). li A 
plant (g) with the nearly ripe aporogonium; 8 its seta; / the capsule; c the calyptra. 
C Longitudinal section of the capsule bisecting it symmetrically ; d operculum ; a annulus; 
p jgeristome ; ocf columella ; h air-cavity ; a the primary mother-cells of the spores. 


capsule and Constitute the peristome^ which has a characteristic 
form in each different genus. In Tetraphis it consists of four hard 
teeth, for which the whole of the internal tissue of the operculum 
is utilised ; in most genera there are 8, 16, 32, or even 64 teeth, 
formed by the thickened cell- walls, which are frequently arranged 
in two rows, one within the other (Pig. 113), and which originate 
(roiu two different layers of cells. In only a few genera, s.g., 
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Gymnostomum, are they wholly wanting. The calyptra is elevated ’ 
by the growth of the capsnle and covers its apex like a cap ; the 
capsule is generally elongated. • * 

The leaves, which consist of a single layer of cells, are traversed 
by a many-layered midrib in many species. 

Some of the genera bear the female flowers and, consequently, at 
a later stage the capsules also, on the apex of the main stems; 
others hear them on short lateral branches ; although this difference 
of position cannot be regarded as an important systematic distinc- 
tion, it may serve as an indication of allied forms. Thus the Bryinss 
may be divided into : 

(a) Acrocarpif bearing the archegonia at the apex of the stem; 
the capsules, however, often appear as if 
they had been borne upon lateral shoots, 
for lateral shoots develops later and dis- 
place the main stem to one side. 

Dieranum scoparium^ with sickle-shaped leaves, 
is common in woods. Leucohryum glaucum has 
leaves consisting of several layers of cells, which 
resemble those of Sphagnum in their structure; it 
occurs in Pine-woods and on moors. Ceratodon 
purpureuSf with a red seta and a short stem, 
is very common in various localities. Barbula 
muralis grows in patches on walls and rocks; 
the midrib of the leaves is prolonged into a 
hair, so that the patches of Moss look greyish. 
Tetraphis pellucida has bright green leaves; it 
grows on decayed tree-trunks, and bears gemma 
of peculiar form. Grimviia pulvinata occurs in 
round greyish-green patches; the papsules have 
very short seta. Orthotrichum speciosum and 
other species have also shortly-stalked capsules, 
and are common on trees. Funaria hygrometrica 
(Fig. 112) has an oblique, pear-shaped capsule; the 
long seta have the peculiarity of contracting into 
a spiral on being wetted and dried; it is common 
on walls and paths. Polytriehuik formomm (Fig. 
114) and other species are the largest of our 
» '"digenouB norooarpous Mosses; they have large 
the capsule : « the aeta; p ca* leaves and long hairy calyptra, and are 

lyptra. common in woods and on heaths. 

(b) Fleuroearpi. The archegonia, and Hubsequently the capsules, 
are borne on special lateral branches. 
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MoniinalU antipyretica floats in water. Nechna crispa^ with flat outspreading 
leaves, grows on rocks. Thuidium ahietinum and other species grow in woods* 
they have fegnlar, pinnatelj branched stems, and very small, closely-set leaves. 
Ldicodon sciuroides is very common on tree-trunks. Brachytheciim rntabulum 
is common in woods. Evrhynchium pralonguvif with long creeping stems, 
occurs in woods and damp gardens. Hypmim cupressiforme is very common on 
tree-trunks, and JI. cuspidatum and gigantemn in bogs and ditches. Uylo- 
comium triquetrum is very commonly used for garlands ; this and H. splendcns, 
with remaWiably regular ramification, are both common in woods. 


GROUP III. 

THE VASCULAR CRYPTOGAMS. 


In this group also an alternation of a sexual with an ascxnni 
generation occurs; but the relations between the two are exactly 
Aie reverse of those existing among the Mosses. In this group 
the plant which springs from the spore and produces the sexual 
organs (the oophore) is small and short-lived, usually perishing after 



Fio. 110.— Antheridium of Adiantwn Capillua Veneris (x 650). p Prothallium; a autheri 
diftn ; a antherozoid; b the yesiclo containing Btarch-grains. 


fertilisation has taken place; it is called the proth allium. The 
plant which grows from the fertilised oospliere (the sporophore) is 
furnished with a distinct stem and leaves, and it has closed fibro- 
vascular bundles and true roots ; it commonly persists for several 
years and produces spores in regular succession, besides possessing 
various means of vegetative multiplication. These morphological 
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and anatomical charactori sties bring this group of plants into tl;ie 
province of the Vascular Plants, Some of the orders which occnpy 
the highest place among the Cryptogams exhibit in certdin features 
a resemblance to the Gymnosperms among the Phanerogams; 
there is thus a gradual transition from the Cryptoga-ms to the^ 
Phanerogams. 

The ProthalHum (Fig. 115) is, in most of the orders, a thallus 
which grows from a spore which it greatly exceeds in sizef produc- 
ing, besides root-hairs, antheridia and archegonia on certain parts 
(Fig. 115 an and ar). 

The antheridia (Fig. 116) either project from the surface as 
masses of tissue, which are hemispherical or somewhat cylindrical 



Fio. 118.— Germlnatingr macroBporo of StIlaginBUa Martensti, The portion of the tissre 
which lies above the dark outline (d) is the prothalUum; a is an unfertilised archcgonmmi 
t e' embryos in two that have been ferUlised. The cavity of the spore ^ dlled with endo- 
sperm. (After Sachs.) 

in form, or they are sunk in the tissue of the prothallium. They 
consist of a wall, composed of a single layer of cells, and of the 
motKer-cells of the antherozoids*. the antherozoid is a spirally 
wound filament bearing a number of cilia at its anterior end (Fig. 
116 s). 

The archegonia (Fig. 11 7^,, are in general constructed like those 
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of** the Mosses ; that is to say, they consist of a ventral portion, 
which ij^ imbedded in the surrounding tissue and is coherent with 
it, and of a short nock through which two canal-cells, which subse- 
quently undergo disintegration, extend to the oosphcre. 

» However, the prothallia of some orders, such as the Rliizocarpeie, 
Selaginellese, and Isoetesd, differ widely from this in their structure. 
These plants, namely, produce two kinds of spores, largo spores 
called macrospores^ and much smaller ones, micrpspores^ and they 
are termed lieterosporous on this account, in contrast to the 
isosporous orders in wliich the spores are all of one kind. 

The mdcrospore produces a female prothallium (Fig. 118) which 
is developed in the spore itself, and only a small portion of it is 
exposed at the apex. On this exposed portion it bears one, or a 
small number of archegonia (Fig. 118 a). 

The microspovG produces a merely rudimentary male protli allium, 
for the antherozOids are developed from it directly, or at any rate 
after it has undergone only a few divisions. 

The embryo developed from the fertilised oosphcre grows directly 
into a plant which subsequently produces spores. 

The spores are formed in not very large numbers in the sporangia 
by the division into four of the internal cells ; and when two kinds 
of spores are present they are produced in distinct sporangia — macro- 
and microsporangia. The sporangia are small in proportion to the 
whole plant, and are developed either from single cells of the epider- 
mis of the leaf, or from groups of cells, the external cells of each 
group forming the wall of the sporangium, the internal, the mother- 
cells of the spores. It is almost always evident that the sporangia 
are produced from the leaves ; it is only in a few instances that they 
originate in the axils of the leaves and appear to be formed from the 
stem. 

The group of Vascular Cryptogams is divided as follows: 

Glass V. Filicinoe, The leaves are well developed in proportion 

, to the stem, and bear the sporangia (which usually 

, originate from a single cell) almost always collected 
into sori on their margins or on their inferior surfaces ; 
the fertile leaves are not confined to any particular 
region or branch of the stem. 

(a) Isosporous. 

Order 1. Fillces, 

(h) Heterosporous. 

Order 2. BMnocarpem, 
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Class V r. EquisetincB. The leaves are small in proportion to the 
stem ; they are arranged in whorls, and thpse of the 
barren whorls grow together into a sheath. The fertile 
leaves are arranged in numerous closely-set whorls 
forming a spike at the apex of the stem ; . they are 
peltate, and hear the sporangia on their under sur- 
faces. The sporangia originate from groups of cella 
They are isosporous. ** 

Class VIT. fjijcopndincB. The leaves are for the most part small 
and feebly developed ; the fertile leaves are frequently 
collected on a distinct portion of the stem. The 
sporangia, which are developed from groups of cells, 
are almost always solitary in the axils of the leaves 
or close to the base of the leaves on its upper side. , 
(a) Isosporous. 

Order 1 Lycopodiece. 

{b) Heterosporous. 

Order 2. Selaghielleoe. The stem, which grows 
greatly in length, bears numerous small 
leaves ; the sporangia are situated in the axils 
of the leaves, occasionally they are attached 
to some extent to the stem. 

Order 3. Isoetece, The stem, which is short, 
bears long unbranched leaves ; the sporangia 
are situated on the upper side of the leaf. 


Class V.— FILICINiE. 

The sporangia are usually collected into sori on the edges or under 
surfaces of the leaves* The fertile leaves are not confined to a special 
region of the stem* 

Order 1. Filices (Ferns). 

f 

The spores are all alike^ and produce a large and independent 
prothallium. 

The prothallium is almost always developed on the surface of the 
soil, and contains chlorophyll (Figs. 115 and 119). It takes origin 
from the spore in the form of a cellular filament which, at a later 
stage, generally becomes a broad surface divided anteriorly so as to 
bo heart-shaped ; it^consists of a single layer of colls, excepting at 
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that pkrt which bears the archegonia. This region is situated at 
* the fore part of the heart-shaped prothallium, behind the indentation 
(Fig. 115 (ir). The anthoridia are produced partly at the edge, 
and partly posteriorly among the root-hairs 
(Fig. 11 J an), and project as hemispherical 
masses of tissue. 

The stem is for the most part a strong 
undergrClund horizontal or oblique rhizome ; 
tree-ferns with tall upright trunks occur 
only in the tropics. The internodes arc 
sometimes elongated, so that the surface 
of the stern is visible between the leaves 
which are some distance apart, e,g,, Ptcris 
aquilina (the common Bracken) and Phe^ 
gopteris calcarea; but they may bo also 
very short, so that the leaves form a close 
crown at the apex of the stem, while the Captiiu*. 

VeneriB. The protl)alliiini (pp) 

older portion is closely crowded with the seen from beiowr with yoimg 
remains of the leaves that have died off. ®’®***' attached to it; 6 its first 

The stems of the first kind nsually branch jVroM-hal™ oftoTp^ 
veryfreely, the branches arising in the axils thallium (about x s). (After 
of the leaves, as in Phegopteris calcarea, or 

dorsally to them, as in Ptens aquilina : the more leafy stems, on the 
contrary, branch less. The leaves are sometimes arranged in two 
rows, particularly when the stem is elongated {e.g., Pteru aquiUna) ; 
and this peculiarity is not unfrcqnently exhibited, that the two series 
of leaves approach each other on the dorsal surface of the stern, e.g., 
Polypodium vnlgare ; but they are sometimes arranged in a spiral, 
with a considerable angle of divergence. The blade of tiro leaf is 
usually much branched, and in its early growth it is curled spirally 
forward on itself into the shape of a crozier (circinate vernation). 
The hairs are often conspicuous by their size and breadth, and 
frequently completely envelope the young leaves and the growing 
part of the stpm; they ai’O called palece or ramenta. The roots 
spring usually from the leaf-stalks of those species the stem of 
which is very densely covered with leaves, e.g., Nephrodium Filix-mas; 
they form a thick felt-like covering on the trunks of tree-ferns, 
which sometimes exceeds the diameter of the stem itself in thick 
ness. 

The production of spores is exclusively confined to the leaves, and 
it takes place without their undergoing any important metamor- 
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phosis. In many cases the fertile leaves are todly to be dis- 
tingnished from the barren ones, and where a difPerejice is perceptible, 
it consists almost only in this : that the fertile leaf — or p;)rtion, of 
the leaf — developes little or no mesophyll. The fertile leaves are 
never confined to a particular region of the stem, still less to any 
particular branch ; but the stem bears at first only barren leaves, 
and, as it grows older, produces fertile leaves periodically, as well as 
sterile ones. * 

The Sori consist of groups of sporangia which are arranged in a 
certain relation to the venation of the leaves, and their form and 



Fig. 120.— Sori of the mdst important groaps of Ferne, all seen from below. A Piima ot 
Ptilophyilum jnnuoxum, one of the H jmenopnyllacesB ; r receptacle j a sporangia ; t indQ 
slum ; at a half of the iudusium is removed. B Pinna of Davallia— aft a the underside of the 
indusium (t) is turned back, the upper half is become part of the leaf margin. C Part ef a 
leaf of PteriB aerrulata t a the sporangia ; m the inverted margin. D Lae^fda of Nephrodium— 
at a the indusium is removed, and .at r the sporangia also, fi Locinia of au Asplonium— at 
a the indasium is lamed back. F Pinna of Polypodium eulgare-at r the sporangia are 
removed (all are x 8 to 6). 


distribution is characteristic of genera and even of still larger 
divisions. In many genera, e.y., all the Hymenophyllaceee (Kg 120 
A), Dicksonia and Davallia, the sorus is situated at the mai^i ol 
the leaf at the eztrejgciity of a vein, and consists of two parts, a central 
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part which bears the sporangia, known as the receptacle (Fig. 120-^1 r), 
which is an elongated, filiform, or short enshion-like structure, and 
a cup-shaped, sometimes deeply two-lobed integument, the indusium 
(Fig. 120 A {), In most Ferns the sorus is at some distance from 
the margin of the leaf, on the under surface ; the indusium then 
appears as covering the receptacle on one side only (Fig. 120 BDE), 
and its form varies in the different genera. The half of the primi- 
tively Clip-shaped indusium, corresponding to the upper surface 
of the leaf, has disappeared (Fig. 120 B), In many genera the 
indusium has disappeared altogether; the sorus is then said to be 
naked (Fig. 120 F). Many Ferns bear the sporangia in a marginal 
row which may be supposed to have originated by the cojilcscenco 
of contiguous sori. The inferior indusium, in such cases, is usually 
not present : the margin of the leaf covers the sporangia as a so- 
called spurious indusium (Fig. 120 G), Finally, in some Ferns, the 
sporangia do not form sori, but are scattered over the whole of the 
under surface of the leaf, on the mesophyll as well as on the veins. 
The hair-like structures which the receptacle sometimes bears inter- 
spersed among the sporangia are known as paraphyeea. 

The Sporangium (Fig. 121) is a capsule 
with a wall of a single layer of cells, and 
having a short stalk; it is rarely sessile. 

The spores commonly originate from the 
repeated division of a single cell which oc- 
cupies the centre of the young sporangium ; 
in only a few families the sporangium is 
developed from a group of cells, of which 
the inner cells constitute the mother-cells 
of the spores. In direct relation to the 
mode of rupture of the sporangium are 
certain cells, which have a peculiar struc- 
ture, and which are much thickened ; they 
form a ring or annulus, which, in some 
families, is conipletely closed, and in others ^ Btomium «t, at this 

not BO (Fig. 121 r), or they may be con- rupture, oniy . few of the 
nected in some other form, but in any case spores (uji) are indicated, for the 
the aggregate of these cells is spoken of 

as the annulus (Fig. 122 r). The structure of this annulus is an 
important characteristic of the various families. 

The group of the Ferns includes the following eight families, of 
which some are exclusively tropicah and the others, though they have 



Fio. 121.— Sporangium of one 
of the Polypodiaceae (x 300): 
a stalk; r the ring which ex* 
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representatives in temperate climates, attain their most .perf^^ 
development in the tropics. 

Family 1. Hymenophyllacece ; this contains the sim]^lest forms 
The mesophyll almost always consists of a single layer of cells ; the 
sorus is always marginal (Fig. 120 A), the sporangium sessile or 
shortly-stalked, and the annulus entire. The prothallium resembles 
in structure the protonema of Mosses. 

t 

Almost all the species are tropical. Triciwmanes radicans and Ilymenophyllum 
Tunhridgense and unilaterale (or Wilsoni) alone occur in England. Some species 
of Trichomancs have no true roots. 

Fain. 2. Pohjpodiacece, The annulus of the stalked sporangium 
is incomplete (Fig. 121 r), that is to say, it is not continuous at the 
base: each sporangium is developed from a single epidermal cell. 
Almost all our native Ferns belong to this family, which is excep- 
tionally rich in species. 

The following sub-families may be distinguished, characterized 
by the position of the sorus. 

(a) Davalliacea, Sorus marginal, or nearly so ; indusium cup-shaped (Fig. 
120 B). 

(b) Pteridea, Sori coalescent along the margin of the leaf (Fig. 120 C ) ; 
indusium spurious. Pteria aquiliua^ the Bracken, has a stem which grows at 
some depth below the surface of the soil and throws up every year a single large 
much-segmented leaf (frond). Adiantum, the Maidon-Hair, and Blecbnum 
(Lomaria), the Hard-Fern, belong to this group. 

(c) Aspidiea. Sorus on the lower surface of the leaf, orbicular in form and 
covered by a peltate or reniform indusium (Fig. 120 D). Nephrodium Filix ?wax, 
the male Fern, and other species resembling it, with a thick tufted crown oJ 
leaves, are not rare in woods. Aspidium is the Shield-Fern. Woodsia and 
Cystopteris also belong to this group. 

^d) AspUniea. The sorus, which is situated on the under surface of the leaf 

elongated or linear, and the indusium springs from the vein to which it h 
attached (Fig. 120 E), Asplenium Jtnta muraria is not uncommon on walls am 
rooks ; A. Trichomanes is also abundant, with simple pinnate leaves and > 
shining black rachis. A, Filix famina is common in damp woods. Scolopen 
drium vulgare, the Hart's tongue, with entire leaves, is common in damphedgt 
tows and woods. ^ 

{e) Polypodiete, The sorus, which is on the under surface of the leaf, is nake* 
(Fig. 120 F). In the section Polypodium the leaves are articulated to the stem 
BO that when they die and fall off they leave a roundish scar : the leaves ai 
usually borne in two rows on the dorsal surface of the rhizome. Polypodiiu 
vulgarCf with simple pinnate leaves, is common on tree-trunks, rooks, etc. 1> 
the section Phegopteris the leaves are not articulated to the stem, so that whe< 
they die fragments of the leaf-stalks remain attached to it. 

(/) Aeroatieheai. The whole underside of the leaf is covered with sporangia 
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^Famf 3. Oyatheaceoe, Distinguished from the Polypodiacero only 

by the presence of a complete annulus. 

• 

• The tree-ferns belong to this family. Oibotium and Dicksonia have marginal 
Bori with cup-shaped indusia: Cyathea and Alsophila have their sori on the 

under surface of the leaf. 

• • 

Fam. 4. OUicheniacecB and 

Fam^5. Schizosacece occur only in the tropics. 

Lygodium is the most remarkable genus, its pinnate leaves grow to a great 
length and twine round supports by means of their midribs. 

Fam. 6. Osmundaceoi, The shortly-stalked sporangia (Fig. 122 
71), instead of a ring, have a peculiar group of cells (Fig. 122 B r) 
just below the apex; they burst 
open by a longitudinal slit on the 
side opposite to this (Fig. 122 d), 

Osmnnda regalis^ the Fern-Royal, is a 
not very common but well-known Fern. 

Only the upper pinna) of the leaves are 
fertile and develops little or no meso- 
phyll; the, sori are marginal and consist 
of a great number of sporangia: they 
have no indusium, Fig. 122 (A j). 

Fam. 7. Marattiaceve, The spo- ^itb naked marginal eori (*). Some 
. I. 1 I j mesophyll is, however, developed at thn 

rangia of each sorus are coherent, ^ solitary sporangium 

and appear as the loculi of a multi- ( x 200 ) ; st the short stalk ; r tlio annulus 5 

,1 . . d the longitudinal slit, 

locular sporangium or synangium: 

they are not developed each from a single cell, but from a group 
of cells. The leaves, which are usually of enormous dimensions, 
have large stipules at their base. 

Marattia, Kaulfussia, Angiopteris, and Daneea are tropical genera. * 

Fam. 8. OpMoglossem, This is the most aberrant of the families 
of Fenis ; nevertheless it is allied to the above-mentioned families 
hy many features. The prrothallium is not a flat layer of cells con- 
taining chlorophyll, but a subterranean mass of tissue, containing 
no chlorophyll. The stem of the spore-bearing plant is always 
short, and in the indigenous species it is subterranean ; it throws up 
a single aerial leaf, or two or three simultaneously. The leaves to 
be developed in the following year are already formed at the end 
oi the stem and are enclosed in a sheath formed by the base of the 
mature leaf and its stipules. The fertile leaves are distinguished 



Fio. I22.->Osnii(nda regalis. A Fertile 
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from the barren ones by the* prod notion, from the upper side of the 
petiole, of a branch which bears the fructification. The sporangia 
are large and marginal, and are borne either directly by ttiij branch, 
as in Ophioglossum, or by its lateral branches, as in Botrychium 
(Fig. 123 /). The sporangia are developed from groups of cells 
and have no annulus. In Ophioglossum ' 
they are sunk in the tissue. 

Ophioglomim vulgatum is rather rai^ : it has 
an entire tongue-shaped lamina and a linear 
imbranched fructification. Botrychium Lunaria 
is tolerably common in mountainous districts; 
its lamina is pinnate and the fructification is 
paniculate. 

Order 2. Rhizocarpej; (Pepperworts). 

The spores are of two kinds ; the 
macrosporangia each contain a single 
macrospore ; the microsporangia contain 
numerous microspores; the prothallia are 
small and project hut little from the 
spores. 

Fam. 1. Sahiniacece, Salvinia is the 
only genus. The male prothallium is a 
filament which is developed from the 
microsporo. The antherozoids are formed 
in two cells at the free end of this fila- 
ment, which represent a rudimentary 
antheridium. 

The female prothjillium projects but 
little from the spore. 

The stem of the spore-bearing plant 
fioats on the surface of the water and 
bears on its upper surface four rows of 
PiQ. 123 . — Botrychium Lunaria fiS't, green, aerial leaves (Fig. 124 and 
/nat. aiae); w roots; at stem; on its under Surface two rowl of dissec ted 

leaf branches; the sterile lamina aquatic leaves (Fig. 124 w). Roots are 
[h) separating from the fertile whoUy absent. The sori are situated on 
branch (/). aquatic leavd^ 124 s); each 

separate sorus is completely enclosed in a thick indusium, and has a 
diameter of about 6 millimetres. Within this fructification the 
sporangia are borne on a columnar receptacle ; in some son there 
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aro numerous microsporangia with 
long stalks (Fig. 124 B i t), in others 
a smaller number of shortly-stalked 
raacrosporangia (Fig* 124 B a). 

SaUinia natans occurs in the warmer 
parts of Europe and in the Tropics. 

Fam. 2. Marsiliacem. This family 
includes two genera, Marsilia and 
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Fio. 121— Apical portion of tbe stem 
of Salvtnta natcinx, seen obliquely from 
below (nat. size) : 1 1 aerial leaves ; w to 
aquatic leaves, with a sori, st; Ic termi* 
nal bud of the stem. B Longitudinal 
section through three fertile teeth of an 
aquatic leaf (x 10); it two sori with 
microspornngia; a one with macrospor* 
angia. (After Sachs.) 

Pilularia. The formation of a male 
pro thallium does not take place; the 
whole contents of the microspore undergo 
division and give rise directly to a num- 
ber of small cells, in each of which an 
antherozoid is formed. 

The stem of Marsilia creeps along the leave, (reduced on., 

bottom beneath the water (Fig. 125) and haio. k Terminal bud ;b{» leaves; 

' bears on its upper surface two rows of fructiUcatlons springing from 
^ , , the petioles, 

leaves with long petioles and quadrifoli- 

ate lamina). The under surface of the stem bears only roots. The 



Fia. 125.— Stem of JIarsilia 
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fertile leases branch above their insertion; the one branch is quite 
similar to a sterile leaf, the other bears a leguminoid frucjification 
(Fig. 125 /), which contains several sori enclosed by indnsia. This 
fructification, like those of the Phanerogams, consists of an infolded 
leaf. The sporangia are developed each from a single ce^l on the. 
inner surface of the wall of the fructification. , Each sorus contains 
both macro- and micro-sporangia. 

Marsilia quadrifolia occurs in temperate countries, and many other veri- 
similar forms abound in warmer climates. 

Pilularia globulifera has narrow bladoless leaves, and the fructification is 
globose, but otherwise it greatly resembles Marsilia. It occurs in England. 


Class VI.— EQUISETm^. 

The fertile leaves are arranged in whorls and form a spike at the 
apex of the stem ; they are peltate and hear the sporangia^ which are 
developed from groups of cells, on their inner surfaces. The spores 
are all of one kind. 

This class contains but one genus, Equisetum (the Horsetail). 

The prothallium is much branched and corrugated : it bears the 
antheridia at the extremities of the lobes, and the archogonia in the 
angles between them. 

The spore-bearing plant consists of a subterranean colourless 
stem which every year throws up green branches which usually die 
down in the autumn. The leaves are represented by an annular 
dentate leaf-sheath at each node (Fig. 126 A v). The outer surface 
of the aerial internodes is usually not smooth, but striated with 
longitudinal ridges and furrows (Fig. 126 J?) : each ridge corre- 
sponds to a tooth of the leaf-sheath. This external bonfiguration 
of ♦ the stem is intimately connected with its internal structure. The 
fibro- vascular bundles are arranged in a circle (Fig. 126 J5 s), in 
eacbf bundle there is a cavity, the lacuna (/c), which is formed by 
the separation of the annular vessels ; the fibro- vascular bundles lie 
on the same radii as the ridges on the stehi. There jire also large 
cavities in the cortical tissue which lie internally to the grooves 
(Fig. 126 B f). The pith too is replaced by a large air-space, the 
central cavity (Fig. 126 B c). The branches spring from the base 
of the sheath between the teeth ; they are similar in structure to 
the main stem. 

The fertile branches terminate in a spike (Fig. 126 A a), formed 
of the leaves, which are^ transformed into peltate scales bearing 
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gpprangia. The last Jeaf-sheatli below the spike is rudimentary, and 
is called the ring or annulus (Fig. 126 A w). The scales stand 
in numerous whorls ; they have stalks and bear the sporangia on 
their internal surface. The sporangia are sac-like and ojien in- 
^ wards by a fissure (Fig. 126 G sp). The spores are enclosed by 
two coats, the two being ^ 

connected at one point B 

only.. The outer mem- ^ 

brane splits along a spiral ‘1 

line into two spiral bands ^ j WHS'S 

(elaters) which, when ^ 

they are dry, are extended J 'WT A 

cross- wise, but roll up !l 

under the iiifiuence of \|iji 

moisture. \ 

The different species of \ P 1 / 

Eqnisetum all inliabit damp t* \ 1 |I ^ / 

places, bogs, wet fields, and \ . « V. Ivil^h if t p m 

woods. While some of the ^ l| vV ^ ^ \ y 1 

tropical forma attain an im- \ £ JL 

mense height and thickness, ^ \ \ Vl i if if 

and the fossil forms were of I I i | \\\ V V I F n 

gigantic proportions, our in- i I I I I \ Jy }/ // ^ 

digenous species reach at the till ^ 

utmost the height of a few 

feet, and a thickness of per- •111 n l!r^ 

haps half an inch. In /i’. ^111 I!) ^ 

arvonse and h, Telmateia the 126.— A Upper portion of a fertile branch of 

fertile shoots appear in the Equiaetum pnluslre. v liOaf-Bbeatlm, bolow wlach the 
spring before the barren ones, branches (r) sprinjj ; n> tlio uppermost sterile sheath j 
and are devoid of chlorophyll, « » the peltate fertile leaves. If Trntisvcrso 

, . section of the stem (x 6): c central cavity; a the 

while the barren ones are bundles arrnnsed in a circle, each hating 

green. paliistre (Fig. 126), ^ cavity, k; f the cavities below the groves; r the 
livtosum, hyenialet etc., hear ridges. 0 Tcltate leaf with sporangia (x 10); at the 
their spikes at the extremity stalk; ap the sporangia. U Diagram of the'Seourse 
of ordinary green branched or “s where two inter- 

^ J* „ . nodes meet t the intornodes ; ft the node. 

unbranched SRoots. E. syl- 

vnticum produces fertile shoots which, till the spores are ripe, perfectly resemble 
those of E, arvense, which are devoid of chlorophyll, but afterwards they bear 
green lateral shoots, in consequence of which they come to be very similar to 
the sterile stems. 
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Class VIL— LYCOPODIN^. 

. f 

Tlie leaves are for the most part small, the fertile leaves oftm 
eo7ifined to a particular region of the stem. The sporangia, which are 
developed from groups of cells, are almost always home in the axils Of 
(he haves or close to the bases of the leaves on their upper sides. 

Order 1. Lycopodiejs. * 

The spores are all of one hind, the prothallium large and indeperf 
dent. The sporangia are outgrowths from the bases of the leaves, and 
are situated in their axils. The stem grows greatly in length and bears 
numerous leaves; which are very small in proportion. 

The prothallium of Lycopodium is a subterranean mass of tissue 
of considerable size which bears archegonia and antheridia. 

The stem of the spore-bearing plant grows greatly in length : it 
usually creeps on the ground and branches in various planes in an 

apparently . diehotomous 
manner. The intemodes 
are short, the leaves are 
closely placed in a scattered 
spiral, or they are decus- 
sate. The roots branch 
dichotomously. The spo- 
rangia originate from the 
tissue of the upper surface 
of the fertile leaves and 
project outwards. The 
fertile leaves, in some 
species, e.g.. Lycopodium 
Selago, exactly resemble 
the sterile ones ; in others 
they differ from them and 
are not green : in this case 
they form a sort of spike 
which in L, clavalum 
grows on a stalk bearing small leaves (Fig. 127 s). 

L. elavatvm and annotinum (Club-Mosses), are the commonest species 
which occur in our woods. The exotic genera Tmesipteris, Phylloglossum, and 
Psilotum (which has no true roots) differ considerably from Lycopodium in theii 
habit, but are as yet imperfectly known. 



rxe. 127.— Portion of Li/copodtum elavatwn. somewb 
emallcr than nat. size ; s the fhictification. 
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• Order 2. Selaginelleje. 

The itplr 0 ^ are of two hinds; the macrosporangia each contain four 
mhcrosporeSy the microsporangia, a great numher of microspores ; both 
forms of sporangia are situated in the axils of the leaves. The pro- 

VialUa are small and project hut little from the spores. The stem 

grows considerably in length and hears numerous short leaves. 

The ^nus Solaginella has some external resemblance to Lycopo- 
dium; the stem branches dichotomously, but always in the same 
plane, and often forms a highly complicated branch-system. In some 
species the stem creeps on the ground, in others it is upright and 
even shrubby. The internodes are short, and boar short somewhat 
rounded leaves, which are usually inserted in four rows and have 

different forms on the two sides of the stem, so that each pair of de- 

cussate leaves consists of a large inferior loaf and a small superior 
leaf (Fig. 128 u and o). At the base 
of each leaf there is a small mem- 
branous ligule. The roots branch 
dichotomously in alternate planes at 
right angles to each other. The spo- 
rangia are situated in the axils of the 
fertile leaves, which sometimes differ 
somewhat in form from the sterile 
ones. The microsporangia are usually 
higher up on the shoot than the 
macrosporangia. Each of the latter 
contains four macrospores, for only size) : « the upright fertile shoot, with 
one of the numerous mother-cells “ ‘1' “““ ’f"* 

On the procumhont sterile snoots, the 
divides mto four daughter-cells, which leaves on the under side (u) are larger 

are developed into macrospores. upper side (o). , 

The prothallinm is formed in the macrospore, just beneath tne 
apex, whilst it is ripening : subseqnently, when the spore genninates, 
the prothallinm protrudes from the apex of tho spore, the wall 
having rnptnijed along its three angles, and it there bears one or 
more aixjhegonia. The rest of the cavity of the spore is then filled 
with a parenchymatous tissue, which may be termed the endosperm 
(Fig. 118). 

In the microspore tho prothallinm is only rudimentary ; it is re- 
presented by one cell, which undergoes no further changes, whilst 
from the others tho mother-cells of tho antherozoids are formed by 
repeated division. 



Fig. 128.— Selaginella helvetica (nat. 
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8. selaginoide8 is the only inhigenous species ; it grows in bogs and marshes. 
Several species, such as S, Kraussiana, inaqualifoliat etc., are cultivated. 

* 

Order 3. Isoetej:. 

The spores are of tivo hinds ; the macrospores are numerous in the 
macrosporangia. Both hinds of sporangia are situated at tfio bases 6J 
the leaves on their upper surface. The prothallium is small and 
•projects hut little from the spore. The stem remains short end bears 
?inmcrous long leaves. 

The genus Isoe fees includes aquatic plants which live at the bottom 
of lakes, etc. The stem is short ; along two or three longitudinal 
lines on the stem a considerable growth of the cortical tissue forms 
projecting wings, between which the roots are produced. The leaves, 
which are numerous, have a well-developed sheath separated from 
the long and narrow lamina by a pit, the fovea^ which bears a ligulo 
on its upper margin. 

The sporangia are situated in this pit ; the macrosporangia occur 
on the outer leaves, the microsporangia on the inner ones. Both 
sorts of sporjingia contain cellular filaments among the spores. 

The development of the prothallium is similar to that of Sela- 
ginella. 

Tsoetes InemtrU and other species occur in lakes where the water does not con- 
tain much lime. 


GROUP IV. 

PHANEROGAMS. 

The most conspicuous character of this group is the formation of 
seeds ^ which are produced, in consequence of fertilisation, upon the 
plant itself, and are detached from it only at maturity. The seed 
contains enclosed in its coat, or testa^ an embryo, — that is to say, a 
young plant. This is usually already so far developed that stem, 
leaves, and root are formed to a certain extent, so that after a period 
of rest it at once developes, at the time of germination, into an 
individual resembling its parent. Besides the embryo, the seed 
usually includes a tissue, called the endosperm, which in many orders 
is absorbed by the embryo at an early stage before the seed is ripe, 
and in a few others is never developed at all. 

In the Vascular Cryptogams, the structures which are thrown off 
for the purpose of reproducing the plant are unicellular spores, which 
more or less dirdbt^ give rise to the sexual organs ; but in the 
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Phanerogams, fertilisation takes place upon the plant (sporophore) 
itself, and the structure which is thrown off for the purpose of 
rep.roductu)n is an embryo invested by parts of the parent plant. 

As in many of the Vascular Cryptogams (Equisotnrn, many Scla- 
g^nelleae and Lycopodieoe), the spore-bearing leaves differ in form 
from the foliage-leaves, and are collected together on certain regiona 
of particular short axes, so in the Phanerogams the reproductive 
organs afe modified leaves which are collected together at the apex 
of a short axis. This shoot, the leaves of which are tlius modified 
to subserve reproduction, is called the Floiuer. 


The most important organs of 
the pullen-sacs in which the male 
reproductive bodies, the pollen-^ 
grains, are contained (Fig. 129 p), 
and the carpels, which usually 
bear the ovules ; within the ovule 
the oosphere is situated (Fig. 129 
E). 

The stamens, regarded collec- 
tively, form the androecium of 
the flower, and the carpels the 
gyncecium. In addition to these, 
the flower includes other foliar 
organs which, however, are not 
directly concerned with repro- 
duction: these form the perianth 


the flower are the stamens, bearing 



Fig. 129. -IMn'^rain of a Floner. Ke Calyx. 


(Fig. 129 Ke K). When these 
three sets of organs are all pre- 


K Corolla; / filament; a anther with two 
policn-.saca in each half, which nro opened, 
showing the pollcn-gmina (p). These full on 


sent in a flower, tlie perianth is 
always situated most externally, 
that is, at the lowest level upon 
the floral axis; then comes the 


the Rtigma, and tho pollen tuhe (ys) pcnictrates 
the stylo (g) as far as tho cavity of the ovary 
(F), leaching tho ovule (S); i tho integnTnoft 
of tho ovule; em the emhryo-Buc. E The 
oosphere. 


aijdrcEcinm, and finally, nearest to the apex of the axis, tlie gynoe- 


cium. o 

The pollen-grains are formed in the pollen-sacs by the division of 
the mother-cells into four. The wall of the pollen-grain consists of 
two layers, an external, the extine, which is firm and often covered 
with asperities ; an internal, the intine, which is very thin : the cell- 
contents consist of granular protoplasm, which has been termed 
fovilla. In the Angiosperms two or more nuclei are present in the 
pollen -grain, and the protoplasm is aggregated round them so os to 



172 PART IV. — THE CLASSIFICATION OF PLANTS. 

Form masses of various sizes ; althongh these masses are not covered 
with cell-walls, they must be regarded as being cellj. In the 
Gymnospcrms, liowever, each oE these cells has a cell-wall, and. the 
pollen-grain is therefore obviously multicellular. The pollen-tuhe, 
by means of which fertilisation is efEected, consists of the intijie 
and the contents of the grain ; it grows out, through the ruptured 
extine, from the largest of the cells contained in the pollen-grain. 

The pollen-grains correspond to the microspores of the higher 
Vascular Cryptogams. The fact that they are multicellular recalls 
the rudimentary prothallium formed in the microspores of Selagi- 
nella, but no formation of antherozoids takes place. The pollen-sacs 
correspond to the microsporangia, and the whole stamen to a leaf of 
Selaginella bearing a microsporangium. 

The carpels are either open, bearing the ovules on their surfaces 
(Gymnosperms), or they form, or contribute to form with the axis, 
a structure in which the ovules are contained, the ovary (Fig. 129 
F\ which, when mature, is the fruit (Angiosperms). 



Fie. 130.— Diii^ram of the Ovale. A Orthotropoas. C Anabropous. C Campy lotropous} 
/ fnnicle; ai the outer integument; ii the inner integument; m micrupylo; fe nucellusi 
«in emhryo-sao; r the raphe j c ohalaza. 

* The Ovule consists of three parts ; 

1. A stalk, called the funicle, by which it is attached to the parent 
plant (Fig. 130/): the point of junction of the funicle with the 
ovule is termed the hilunu 

2. One or two coats, the integuments (Fig. 130 ai if), which do not 
completely close at the anterior end, but leave a short canal known 
as the micropijle (Fig. 130 m) ; the point of junction of the nncellus 
with the integuments is termed the ohalaza (Fig. 130 c) : in some 
cases (Fig. 130 A, 0) the chalaza and hilnm coincide, in other cases 
they may be more or less widely separated, as in Fig. 130 B, whore 
they are separated by the whole length of the ovule. 

3. A central cellttlar^ass, the nncellus (Fig, 130 ft). 
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According to the relative position of these three parts, tlie follow- 
ing forms of ovules are distinguished : 

a. Atroj^ous ov orthotropous^ when the nucellus lies in one and the 
same straight line with the funicle which is usually short (Fig. 130 A). 

b. Anatropous (Fig.l305),when there is a curvature at the point of 
attachment of the nucellus with its integuments (hilum) to the elon- 
gated funicle (rap/te), the integuments coalescing with the raphe. 

c. Campylotropous (Fig. 130 (7), when the nucellus with its in- 
tegument is curved on itself. 

One cell of the nucellus increases greatly in size and constitutes 
the emhryo-sae, within which, at the anterior end of the ovule (that 
is to say, the end at which bhe micropyle is situated), is the oosphere : 
in Angiosperms this cell is developed directly by free cell- formation 
(see p. 205), but in Gymnosperms it is formed indirectly in a special 
organ, the corpusculum (see p. 177). 

Fertilisation is effected as follows: a pollen -grain falls either 
directly upon the micropyle, as in the Gymnosperms, or on to the 
apex of the ovary, which is specially Jidapted to receive it, as in the 
Angiosperms, and it then throws out a long tube, known as the 
pollen-tube (Fig. 129 p«). This extends to the oosphere (Fig. 129 
E) through the micropyle, and tho oosphere is fertilised in con- 
sequence of the contact. The result of the fertilisation is that this 
cell becomes surrounded by a membrane and begins to grow towards 
the interior of the embryo-sac, forming a row of cells, tho suspemur, 
of which the inferior terminal cell forms tho embryo by cell-division. 

A parenchymatous tissue is developed within the embryo-sac, the 
mdosperm, in the Gymnosperms before fertilisation, in tho Angio- 
sperms not until after it. It usually originates by free cell-forma- 
tion, isolated cells being formed in considerable numbers which, as 
they grow, come into contact and then multiply still further by 
division. In rare cases (e.^., Alismaceje) the formation of endo- 
sperm does not take place. In many plants the endosperm is 
displaced and consumed by the developing embryo, so that it has 
disappeared by Ijhe tinae that the seed is ripe. 

In contradistinction to tho endosperm, the term pertsperm is ap- 
plied to tho cellular tissue which is contained within the ovule, but 
which lies externally to the embryo-sac : it is in fact a permanent 
portion of the nucellus, and it is found in relatively few families of 
plants (Fig. 157). 

The comparison of the female sexual organs and of the modes of 
fertilisation of Phanerogams with those of the Vascular Cryptogams 
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Is somewhat difficult, and will be entered upon when the OjipnO' 



Fio. 131.— Piniis pinea, I Longitudinal section 
through the middle of the seed ; y the micropylar end. 
if Commencement of germination, emergence of the 
root. Ill Completion of germination, after the endo* 
sperm has been absorbed (the seed lay too near the 
surface, and was therefore raised up by the cotyledons 
when the stem began to grow). A Shows the rup- 
tured testa (s). B The endosperm (e), one-half of the 


sperms are being con- 
sidered. 

The embryo, as it is 
contained in tbe ripe 
seed, usually exhibits 
distinct differentiation 
into stem^ leaf,' and root 
This first root (Fig. 131 
w) — the primary root — 
lies in the same straight 
line as the stern which is 
very short. At tlio op- 
posite end the stem bears 
the first leaves (Fig. 13lc) 
which are usually strik- 
ingly unlike the leaves of 
later growth, and aro 
known as cotyledons oi 
seed-leaves. Sometimes 
the next leaves are dis- 
tinctly visible, forming a 
terminal bud, and these 
constitute the plumule. 
The portion of the stem 
which lies below the 
cotyledons is the hypo- 
cotyledonary portion (Fig. 
131 III h c) ; it merges 
gradually into the root, 
and the two together are 
designated as the radicle. 
The internode next above 
the cotyledons is the epi- 
cutyledonary portion. The 
embryo always lies so in 


testa having been removed. C Longitudinal section the OVUle that the apex 

of the endosperm and embryo. D Transverse section ^ • 

Itt the commencement of germination, c the cotyle- ” “ 

dons; w the primary root; x the embryo-sac pushed directed towards the 


out by It (ruixtured in B); he hypocotyledonary portion 
of the axis; vs' secondary root; r red membrane 


the hard testa. , 


micropyle; on germina- 
tion the root grows out 


V 
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through it. The integuments of the ovule constitute the testa of 
the ripe sjed, and occasionally during the ripening process another 
outer integument is formed, known as the arillus^ as in the Yew and 
the Spindle-tree. 

^ All flowers do not consist of the three parts above-mentioned, the 
perianth, the androocium, and the gynoecium; the perianth, for 
instance, is absent in many flowers. Those flowers which include 
both mate and female organs are called hernmphrodltej commonly 
indicated by the sign ^ ; but there are many plants in which some 
of the flowers (irrespectively of the perianth, which may be present 
or absent) possess male organs only, and others female organs only. 
Such flowers are called diclinous or unisexual^ the former being 
male ((J) and the latter female ( ? ). When the flowers of both 
sexes are borne by one individual plant, they are said to be monoe- 
cious; but when they occur on distinct plants, they are said to be 
dioticious : it is permissible in that case to speak of male and female 
plants. When the same plant produces both hermaphrodite and 
unisexual flowers, it is said to he poly (jam ous. 

Plants of which the individual perishes after once producing 
flowers and seeds are terraed monocarpous ; in rare cases several or 
even many years elapse before the blossoming occurs, e.g., Agave 
americana. More common are annuals (indicated by the sign ©), 
i.e., plants wliich complete the wliole course of their development 
in the cours«3 of a single year, as the Wheat ; or biennials (O). 
plants which do not blossom till the second year of their growth, 
and then perish, as the Turnip. By polj/carpous plants are mocant 
those of which each individual produces flowers and fruit repeatedly, 
year after year ; trees and shrubs are thus perennial, and have sub- 
aerial woody stems or trunks, and there are perennial herbs and 
plants which have underground rhizomes, tubers, etc. • 

The group of Phanerogams falls into two divisions, the first con- 
taining only one class, the second two classes. 

A. Gymnospermoe, The ovule is naked; that is to say, it is not 
enclosed in an vary, but is attached to a carpellary leaf or simply 
to the axis of the flower. The endosperm is developed in the 
embryo-sac before fertilisation; the oosphere is situated within 
a special organ, the corpusculum. 

Class VIII. Oymnospermce, 

B. Anglospermoe. The ovule is enclosed in an ovary ; the endo- 
sperm is not formed in the embryo-sac before fertilisation, and the 
oosphere is formed by free cell-form atinti. 
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Class IX. Molwcotyledons, The embryo has but ouo coty- 
ledon, and the ripe seed usually contains much 
endosperm. 

Class X. Dicotyledons, The embryo has two opposite coty- 
ledons, and the endosperm is frequently all ab; 
sorbed before the seed is ripe. 


DIVISION A. 

Class VIII.— GYMNOSPERMiE. 

The ovule is not enclosed in an ovary; it is attached eiiher to an 
open carpel^ or to the axis^ no carpel being present. The endosperm 
is formed in the emhnjo^sac before fertilisation^ and the oosphere is 
d&veloped in a special organ^ the corpusculum. 

The flowers are always diclinous, frequently dioecious, and almost 
always without a perianth. The male flowers consist of a prolonged 
axis on which numerous stamens arc inserted. These are some- 



Fie. 132.—A Male flower of peefinata; 
b bracts; a stamens. B Pollen^grain highly 
magnified ; § extine with a bladder-like expan- 
sion (61) ; i intine ; y the included cells. (After 
Sachs.) 



Fro. 133.— Process of fertilisation in 
Pinas (a magnified diagram): m micro- 
pyle; i integument nucellns; o the 
oosphere; h neck of the corpusculum; 
a endosperm filling the embryb-sao; p 
pollen-grains ; a the tubes. 


times peltate, like those scales of Equisetum which bear the spo- 
rangia, but sometimes they have a greater resemblance to an 
ordinary petiolate leaf. They bear on the inferior surface two or 
more separate pollcu-sacs (Fig. 132 A a), which open longitudinally, 
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so^as to allow the pollen-grains to escape. These always consist of 
at least two (Fig. 132 J5), and often of several cells, from the largest 
of which tlie pollen-tnhe is developed. In the course of this pro- 
cess the ex tine is usually ruptured and shed, but in some rare cases, 
e.gr., in the Cycadea), it is pierced by the pollen-tube. 

The female flowers are usually prolonged axes, which in some 
cases boar carpels upon which the ovules are inserted, and in others, 
bear tUe ovules directly, carpels not being present. The carpels 
are frequently closely packed around the ovules, but they do not 
form an ovary. 

The ovule is commonly orthotropous, with a very short funicle 
and having but one integument. The nucellus is large and the 
embryo-sac is at some distance from the micropyle (Fig. 133 g ) ; 
the sac becomes filled with endosperm in wliich, at the anterior end 
several corpnscnla are developed (Fig. 133 c). Each corpnsculuni 
consists of a neck (Fig. 133 A), which is formed of one or of a 
small number of small cells, and of a large central cell, the oosphere 
(Fig. 133 c). From the structure and arrangement of these organs 
it may be seen that the Gymnosperms occupy an intermediate 
position between the Phanerogams and the higher Cryptogams. 
The embryo-sac corresponds to the macrospore ; in this case it gives 
rise to a pro thallium (the endosperm) without becoming separated 
from the parent-plant ; on this prothallium several archegonia (the 
corpnscnla) are produced. The pollen-grains correspond to the 
microspores, but they do not here give rise to anthcrozoids. The 
pollen-grains are borne by the wind to the micropyle; tlicy are 
conveyed through it by the fluid there secreted to the nucellus, and 
they penetrate its tissue by means of the pollen-tubes which they 
protrude ; each tube makes its way through the neck of a corpuscu- 
Inm, coming into contact with the oosphere, which is thus fertilis^ed 
(Fig. 133 6’)* The fertilised oosphere elongates downwards, forming 
a suspensor bearing the embryo at its inferior extremity. 

The ripe seed always contains endosperm in the midst of which 
fhe embryo lies longitudinally, its root- end being turned towards 
the micropyle (Fig. 131 I//). The stem bears two or more coty- 
ledons arranged in a whorl (Fig. 131 c). 

The class contains the following three orders: 

1. CycadeoB. The trunk is rarely branched, or not branched at 
ail ; the leaves are large and much branched. 

2. OonifercB. The stems are much branched, the branching beinp 
a.villary and monopodial; the leaves arc very small and entire. 

N 
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3. Qnetacece, The habit’ of these plants is various; they dis- 
tinctly appmach the Angiosperms in the character of their^ flowers 

Order 1. CYCADEiE. 

The stem is slightly hranched or not at all; the leaves hre largt 
and branching. 

The Cycadeae are plants which, in many particulars, have affinities 
with the Ferns, while, on the other hand, in external appearance 
tliey resemble the Palms. The stem is tubercular or cylindricalj 
and thickly set with leaves. The leaves are of two kinds — some 
being scale-like, brown, and dry, closely covering the stem, the 

others being green, pinnate, 
and of a leathery consistency ; 
these last are produced an- 
nually, or at a longer interval, 
and form a magnificent crown 
at the apex of tho stem. 

The flowers are produced 
terminally at the apex of the 
stem, the male and female 
flowers being borne by dif- 
ferent individuals. Tho male 
flowers consist of an axis 
which bears peltate stamens, 
having the pollen-sacs on 
their inferior surfaces; they 
somewhat resemble the spikes 
of sporangia of. Equisetum. 

Fxo. 13 i.— Tho flower of Oycas. A Carpel of The female flowers are for tho 
Cycan revolula oat. size); / pinnse: • ovules. , . m j.i_ 

B Carpel ef Zamia with two ovules (.). COne-llko ; the axiB 

c Stamen of the same, witii the anthers (p). bears numerous carpels ; on 

rhe inner side of each carpel there are two orthotropous ovules (Fig. 
134 B). In the genus Cycas the female flower is composed of a 
rosette of leaves, each of which is formed like the foliage leaves of 
the plant, only that it is much smaller and bears ovules in the place 
of the lower pinnse (Fig. 134 A). In Cycas, too, the axis of the 
plant continues to grow after the production of the flower. 

The ovules have an integument which becomes succulent at 
maturity, and they acquire a considerable size. Those of. Cycaa 
ard as large as a plum even before fertilisation. 




GROUP IV. — PHANEROGAMS. 


179 


.The embryo has two cotyledons which do not escape from the 
seed on germination. 

.The OycadeflD are natives of tropical America ; they occur— fewer in number- 
in South America and tropical Asia. Cycas revoluta and circinalU^ Zamia 

\nuricata and Dion edule are often grown in hothouses. 

• • 


Order 2. Conifers. 


The 9tem branches extensively from the anvils of the leaves^ but not 
from all. The leaves are entire and relatively small. 

This order includes the Pines and Pirs which are abundant in 
temperate climates. A conspicuous feature in their habit is the 
regularity of the monopodial branching of the stem. In the struc- 
ture of their tissues they exhibit affinity with the Dicotyledons; 
the trunk increases in thickness, as it does in the Dicotyledons, by 
means of a ring of cambium ; the secondary wood, however, con- 
tains no vessels, but consists entirely of wood-cells (tracheides), the 
walls of which’ bear peculiar bordered pits (Pig. 42). 

The male flower consists of an elongated axis covered with 
stamens of various forms, which bear two or more pollen-sacs on 
their inferior surfaces (Pig. 132 A). 

The structure of the female flower differs considerably in the 
various families, and in some has not yet been accurately investi- 
gated. 

The embryo has a conspicuous primary root which grows per- 


sistently, and two or more 
cotyledons which escape from 
the seed and unfold on ger- 
mination (Pig. 131). 

Sub-order 1. TaxineJ). The 
ovules are perfectly naked, 
there being no carpels. The 
flowers are always dioecious; 
the embryo has two cotyledons. 



Fio. 135.— Tcunu baccata. A The branch of a 


Taxus bacegta is the Yew ; the 
ovules occur singly at the end of 
very short branches (Fig. 136 B), 


female tree with (/) fruit (nat. size). B Section 
of a female flower ( x 20) ; b scale-liko bracts 
which are still visible at the base of the fruit; 
s the apparently terminal ovule, with (t) the in< 


which bear numerous bracts. The tegument; m micropyle; fc nucollus; a a the 


fettUised ovule during its matoration tho arillus, which sohseqaonti, 

o grows up round the seed, 

becomes surrounded by an arillus 


(Fig. 135 A /), which, when it is ripe, is red and fleshy. The leaves, which 
are spirally arranged, project on two sides from the stem, and are flat and 
linear, green upon the under surface, but destitute of white stripes ; by 
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this the tree is at ouce distinguishable from the Silver Fir, which resembles 
it in habit. SalUhurya adiantifolia {Ginkgo hiloha), which grows in China and 
Japan, has broad wedge-shaped leaves, with palmate venation. «Plfyllooladup 
has flattened phylloid branches. 


Snb-order 2. ARAUCARiACEiE. Flowers nsnally monoecious. The^ 
female flower is the well-known cone of the Firs and Pines, consist- 
ing of an axis (Fig. 136 B sp) 
bearing scales (Fig. 136 c), ar- 
ranged spirally or in whorls, 
which are the bracts. In the 
axil of each of these bracts 
there is a second scale, the car- 
pellary scale, which usually 
bears two or more ovules(Fig. 
13G sk). The relation of these 
two scales to each other has 
been explained in a variety ol 
ways. The view bore followed 
is, that the carpollary scale 
represents the axillary branch 
of the bract, consisting of an 
axis bearing a carpel which 
is fused with it, and which 
bears the ovules. 

In some genera (Finns, Juni- 
perus), the seed takes two 
years to come to maturity ; in 
the first year, the pollen- tube 
penetrates only a short distance 
into the tissue of the nucellus, 
„ ... , . * , ^ it is not till the following 

Fiq. 136.— Aoies pectinala. A A leaf detached , ® 

from the female floral axis seen from above, year that it reaches the em* 

with the carpellary scale (.) bearing the ovulM biyo-sao and fertilises the 

(«k) (magnified). B Upper part, of the female t i i 

flower (or cone) in the mature state; «p floral OOSphere ; the embryo at once 

axis or axis of the cone; o its leaves (bracts); begins to devolope. 

s the largely-developed carpellary scales. C A ,,,, , ■, « ra i -i ► 

ripe carpellary ecnlo, with the two seeds («)j embryo haS from 2 tO 16 

f the wing of the seed (reduced). Cotyledons (Fig. 131 c). 

This Sub-order may be divided into the following four families: 
Fam. 1. AhietineoB. The carpellary scale is coherent with the 
bract only at the base ; the micropylo of the ovule is directed down- 
wa^rds ; the arrangement of the leaves and scales is spiral. 
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• The flowers are monoecious: there are two ovules at the base of 
each caip^llary scale ; the ripe seed has winged appendages spring- 
ing from the surface of the carpcllary scale (Fig. 13G Gf); the 
pollen-grains have usually vesicular expansions of tlie extine (Fig. 
132 B iJZ) filled with air. 

The genus Abies has flat carpellary scales ; the seeds ripen in a single year ; 
the lea^s, which persist for several years, are arranged sinrally only on the elon- 
gated shoots. In most species the persistently growing stem bears well-developed 
lateral branches in the axils of the leaves belonging to the upper portion of each 
year’s growth, and less well- developed branches irregularly in the axils of leaves 
lower down. The secondary branches developc in the same manner ; the develop- 
ment of branches of a higher order takes place especially on the two sides of the 
nearly horizontal primary branches. 

The male flowers are developed in the axils of certain leaves of the shoot pro- 
duced in the previous year. 

In the sub-genus Abies, in its restricted sense, the Firs, the acicular leaves are 
flat, with two margins, and are marked with white streaks upon the under sur- 
face ; the cone stands erect in the axil of a leaf borne by a shoot of the previous 
year, at some distance from its apex ; when it is ripe, the bracts and carpellary 
scales fall off, together with the seeds, from the axis which persists for a time. 
To this genus belongs Abies pectinataf the Silver Fir, the cmarginate leaves oi 
which stand out in a comb-like manner from the branches. A. cephalonica, 
which grows in Greece, and A.Pimapo^ which grows in Spain, both have pointed 
leaves. In the sub-genus Picea, including the Spruces, the leaves are prismatic, 
with four angles; the cones are developed at the apex of the shoots of the 
previous year, become pendulous after fertilisation, and, after the shedding of 
the seed, drop off entire. To this group belongs Abies exceha, the Norway 
Spruce. The sub-genus Tsuga (peculiar to North America) has cones like those 
of the Spruces and leaves like those of the Firs, and branches arranged in whorls, 
though this is not always evident, as in if. canadensis (the Hemlock Spruce) and 
A, Douglasii, 

The cones of the genus Larix, the Larches, resemble those of Abies ; the leaves 
persist through one season only ; they are arranged spirally on the elonguited 
branches, and in a fasciculate manner on the dwarf-shoots which are developed 
in the axils of the leaves of the elongated branches of the previous year ; these 
dwarf-shoots grow but slightly every year, but they may be transformed into 
• elongated branches. The male flowers, as also the cones, arc situated at the 
apex of the d^arf-shoots. The branches are not arranged in whorls but irregu- 
larly. L. europeea belongs to the Alps and the Carpathians ; other species are 
found in Siberia and in North America. 

The genus Cedrus, the Cedars, differs from Larix in that the leaves, which are 
arranged in the same way, persist for more than one year, and in that the seed 
takes two years to ripen. (7. Libani occurs in Asia Minor, and C. Deodara in 
the Himalayas. 

In the genus Finns, the Fines, the carpellary scales have a thickening at their 
free ends, presenting on the exterior a rhombic surface, the apophysis. The seed 
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takes two years to ripen. The green leaves, which persist for several yeais, itra 
borne in groups of two, three, or five, on dwarf-shoots which bear cataphyllary 
leaves at their bases, which do not elongate, and which are borne id tiie axils of 
the scaly leaves of the elongated branches of the same year. The primafy 
branches are arranged in false whorls near the apex of the shnot of any one 
year, and the branches of a high order are also arranged in this manner. The 
male flowers take the places of the dwarf- shoots at the base of an elongated 
branch of the same year ; they are closely packed. The cones take the places 
of the whorled branches near the apex of the elongated branches of ttie same 
year. 

In the sub-genus Pinaster, each dwarf-shoot bears only two green leaves ; the 
apophysis is rliombic, the seed is winged. To it belong Pinus sylvestHs^ the 
Scotch Fir ; the cones are borne upon short stalks and bend downwards ; the 
winter-buds are rounded: P. montana occurs in the Alps ; the stem is usually pro- 
cumbent, but sometimes erect ; the cones are sessile and are placed horizontally : 
P. Laricio occurs in southern Europe, and has pointed winter-buds : P. pinea 
is the Stone-Pine of the south of Europe ; the seeds are large and edible, with 
small wings. The North American sub-genus Tseda differs from the preceding 
in that the dwarf-shoots bear three leaves. In the sub-genus Strobus, including 
Pinus Strohnsj the Weymouth Pine, the dwarf-shoots bear five leaves; the 
apophysis is semi-rliumbic, and the seed is winged. The sub-genus Cembra, 
finally, has a large wingless seed, and its cones fall to pieces; to it belongs 
Pinus Cemhray the Siberian Stone-Pine, occurring in mountainous districts such 
as the Alps and Carpathians. 

Fam. 2. Araucarlece, The carpellary scale is completely fused 
with the bract ; the micropyle of the ovule is directed downwards ; 
the leaves and the scales of the cones are arranged spirally ; the 
ovules are completely enclosed by the scales ; they are trees with 
very regular branching ; branches in whorls. 

Araucaria imbricata occurs in Chili ; A. excelsa on Norfolk Island. Dammara 
orimtaliSf in the East Indies, furnishes the Dammar resin. In Cunninghamia 
each scale bears three ovules, whereas in Araucaria and Dammara it bears only 
on^ 

Fam. 3. Taxodiece. The carpellary scale is completely fused 
with the bract; the micropyle of the ovule is directed upwards; 
leaves and scales arranged spirally. 

Tnxodium distichum, the Deciduous Cypress, grows in swamps in the Unitec. 
States. Wellingtonia gigantea (or Sequoia) is the Californian Pine, remarkable 
for its enormous size and for the great age which it attains. Cryptomeria japo- 
niea is an ornamental shrub. 

Fam. 4. Cupressinece, The carpellary scale is completely fused 
with the bract ; the micropyle of the ovule is directed upwards ; 
the leaves and scalci^ arc arranged in whorls. 
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^Tbc leaves are arranged in whorls cff two or three, and at their 
Dasos are continuous with the cortex of the branches. The scales 
(consisting of the fused bract and carpcllary scale) of the cone bear 
one or more ovules on their inner surface at the base. In Juuiperus 
communis and allied species each scale bears only one ovule, placed 
somewhat to one side, on its inner surface ; so that it appears as if 
the three ovules alternated with the three scales. The flowers are 
rnonoetfious or dicecious. The embryo usually has only two cotyle- 
dons. 



In Juniperus (dioecious) the scales of the 
cones become succulent when ripe and cohere 
to form a berry. In the sub-genus Oxycedrus 
(to which J» communis^ the common Junii^cr, 
belongs), the leaves are arranged in whorls of 
three ; in accordance with this the cone bears 
three scales. In the sub-genus Sabina (to 
which J. Sabina,, J, viniviiaua, and others be- 
long), the leaves are arranged in whorls of 
two ; in these the cone bears two scales (Fig. 

137 it), and each scale bears one or two ovules. 

Thuja oceidentalis, from North America, ds 
commonly cultivated. The scales of the cones, 
which bear each two ovules, become woody and 
the fruit opens like a capsule ; the seed has a jmivcruH Snbiva, seen from above 
narrow* wing. The decussate leaves project (mag.); //the two inferior scales, 
but little from the surface of the branch, and each bearing two ovules (s);//* the 
. . j- • i. 1 mi. li.* two upper stejrile scales. .B Young 

bear a protruding resin-receptacle. The ulti- . . r* 

^ ® / cone of Junipenis communis after 

mate shoots branch only in one plane, and the removal of the bracts; /// the 
thus come to resemble branched leaves. Biota three scales (the anterior one turned 
orientaJis, from China, is similar to the pre- ^own); etho three ovules. C Ripe 
ceding, but the seed is not winged, and the linear J’’® 

resin-receptacles are imbedded in the leaves. 

Citpressug sempervirens, the Cypress, has peltate stalked scales on the cones, 
bearing numerous ovules. This is also the case in Chamnscyparis, to which 
many ornamental shrubs belong, but each scale bears only two ovules. In 
Callitris the cone is rounded, and is composed of four scales ; the lower broad 
^scales bear two or three ovules, whereas the upper ones bear only one or they 
are sterile. 


Fm. 137.— A A young cone of 


Order 3. Gnetace^. 


The GnetacesB differ from the ConiferaB in that the male flowers 
are provided with an investment which more or less resembles the 
perianth of Angiosperms. 

Ephedra distachya is a shrub occurring in Southern Europe ; it somewhat re- 
sembles an Equisetum, for it has long erect branches and small leaves ai ranged 
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in whorls, and coherent so as to* form sheaths at intervals round the stem. The 
flowers are dimeious. Welwitschia mirahilU is a remarkable plant peculiar to 
Western Africa ; it has a very short, thick stem, somewhat resembling a very 
Virge beetroot, and two large foliage-leaves, in the axils of which dichotomously 
branched inflorescences are developed. Both the male and female flowers aze 
borue in cones : they are monaicious. 


DIVISION B. 

ANGIOSP.ERM^. 

The ovules are enclosed in an ovary. The endosperm is formed in 
the emhryo-sac, after fertiUmtion, by free cell-formation. 

The flowers are for the most part hermaphrodite. The axis of 
the inflorescence is usually expanded, terming a receptacle or torus 
on which the closely packed floral leaves are arranged either in 
whorls or in a spiral. Each of the throe sets of organs — the 
perianth, the aiidra3cium, and the gyrioecium — when the arrange- 
ment is spiral, forms one or more turns of the spiral ; when the 
arrangement is whorled, each consists of one or more whorls. 

The growth of the axis of the inflorescence (excepting in certain 
abnormal instances) terminates in the production of the uppermost 
series of floral leaves. Buds never occur in the axils of these leaves, 
except in the case of monstrosities. The portion of the axis below 
the flower is usually prolonged and is called the peduncle, it is 
commonly furnished with one or more bractcoles (prophylla). 
When the peduncle is very short or suppressed the flower is said 
to be sessile. 

The Perianth is completely absent in comparatively few families, 
e.g., PiperaceaB. In. most it consists of two series of organs differing 
in jbheir structure and texture ; the outer^ called the calyx, composed 
of the sepals, and the inner, called the corolla, composed of the 
petals; when this is the case it is said to be hiseriate.. The 8^ah 
are usually firm in structure, of a green colour, and small in size ; 
the Petals are more delicate, and are white or coloured, e.g.. Rose,* 
Geranium, Flax. In many cases one or other of these two series 
is wanting, although it is well developed in allied plants : thus 
the calyx is wanting in the CompositoB, and the corolla in Caltha 
and Daphne. In the latter case the calyx usually assumes the 
texture of the corolla and becomes petaloid. Other plants have 
a simple perianth, one, that is, which does not present any dis- 
tiuotion of calyx and corolla, and which cannot be proved to repre* 
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sent either the one or the other, when it is spoken of simply as a 
perianth.# Jt is usually sepaloid (Stinging Nettle), more rarely 
petaloid (Aristolochia). The individual leaves of the perianth may 
be either perfectly separate (eleutheropetalous or polypetalous corolla, 
eleuthero^epalous or polysepalous calyx), e.y., Ranunculus ; or they 
may cohere from the base upwards, so as to form a longer or shorter 
tube, which divides at its upper end into as many teeth or lobes as 
there were originally leaves (gamosepalous calyx, yamopetalous co- 
rolla) (Fig. 138 ABC c and B h); e.g,, the Primrose and the Tobacco 
plant. In Dianthus (the Pink) the sepals alone are coherent, as also 
in Daphne (Fig. 138 D) where the corolla is absent. More rarely 
all the leaves of the perianth cohere to form one tube, e.g.y the 
Hyacinth find allied genera ; the six lobes of the tube correspond 
to the three sepals and 



form), as in th% Bind- weed (Fig. 138 A)\ rotate, as in the Elder (Fig. 138 c). 
The upper and lower portions may frequently be distinguished, the lower as 
the tube 138 B r), the upper expanded part as the limb (Fig. ISS B t). 
Other peculiarities of form are connected with the symmetry of the flower 
(page 194). 

The petal frequently consists of two parts, the claw and the Zim&, 
as in the Pink (Fig. 139 A B). The Corona (paracorolla) in the 
Narcissus and Lychnis is formed by ligular outgrowths from the 
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claws (Mg. 180 B 1). Any segmentation of the petal, as in ,the 
Pink (Fig. 139 A) is nnusnal ; emarginato or obcordato petals are 
more common. In many cases the petals have spur-shaped appen- 
dages (Violet), or they are prolonged at the base into tubes, as in 
Helleborus and Aconitum. This peculiarity is connected with the 
secretion of the nectar (page 194). 

The calicnlns or epicalyx is formed by leaves which grow close 
under the true calyx of the flower ; such arc the small leavfe which 
alternate with the sepals in Potentilla (Fig. 139 G a) and in Malva. 
In some cases these leaves are the stipules of the sepals, in others 
they are bracts developed close beneath the calyx. Such an 
arrangement of leaves close beneath the flower, so that on a 
superficial view they seem to form part of it, is of frequent 
occurrence, as in Anemone Hepatica, 




Fig. 139.— a Pctiil of Dianthu$ superbus, with (n) the claw and (p) the limb, mne^ divided. 
B Petal of Lychnis ; n claw ; p limb ; I ligula. C Flower of Potentilla, seen from below } 
9 corolla ; k calyx ; a epicalyx. 



The Androecium consists of the male organs of the flower, the 
stamens. Each stamen consists of two parts ; a , slender stalk 
cj,lled the filament (Fig. 140 s), and the organ which contains the 
pollen-sacs (Fig. 140 D p), known as the anther (Fig. 140 a). The 
anther consists of two longitudinal halves, each of which usually 
contains two pollen-sacs ; these two halves are united by the upper 
portion of the filament which is known as the connective (Fig. 140 
c). This is occasionally very narrow, so that the two halves of the 
anthers lie close together (Fig. 140 A^ a) ; in this case it may be 
that the connective is not sharply marked off from the filament, 
and then the anther is simply attached to the upper end of the fila- 
^ ment {innate ) ; or it may be articulated as by a joint, so that the 
anther with the connective can oscillate on the apex of the filament 
{vermtHe anther^ Fig. 140 But the connective is often broadcri 
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BO fliat the two halves of the anther are widely separated (Fig. 140 
D ) ; it may be much, elongated and very delicate, so that, with the 
filament, it forms a T-shaped body (Fig. 140 G) ; in this i)lant, the 
Sage, the further peculiarity is exhibited that one-half of the anther 
is abortive and is modified for another purpose. It is only rarely, 
as in Herb Paris, that the connective is prolonged beyond the 
anther into a point, or into a bristle, as in the Oleander ; the two 
halves ftf the anther then appear to be placed laterally on the 
filament. 



Pio. 140.— Stamen. A, Of 1.11mm ; s flla- Of Vaccinium MyrtiUiis. C Of Pari» 

ment; a the anthers. A, Side view. B Of qmdri/olia (rnag.); / filament; c 

Tilia; 0 connective. C Of Salvia; b is the connective; a anthers; b appen- 

half of the anther that has b :^n modified dages; p the pores by which the 

D Transverse section of the anti ler of Hyperi anther opens, 

cum (mag.) ; p the 4 pollen-sacs ; c connep- 
tive. 

The filament is usually round and stalk-like, of a delicate 
coloured or colourless tissue ; it is occasionally flattened ; when it 
is very short the anthers are said to be sessile, , 

In some plants, e,g,. Allium (Fig. 141 A), tho filament has 
appendages; in others, e.j/.. Erica (Fig. 141 B) and Asclepiadcae, 
the anthers themselves are furnished with appendages, such as 
s^urs and so forth. In certain plants, as Ricinus and Hypericum, 
the stamens, ftiat is to say the filaments, branch, either, like most 
leaves, in a plane perpendicular to the median plane, as in Myr- 
taceas, or in various directions, as in Ricinus (Fig. 142) ; an anther 
is borne on each of the branches of the filament. 

Somewhat similar in appearance, but essentially different in 
Btructure, are the coherent stamens of the PapilionacesB and other 
plants The stamens of each flower may be collected into a bundle, 
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commonly into a tube, or into groups of two, three or more, when 
they are said to be mono-, di-, iri-^ or pohj-adelphous. The anthers 
and the upper portion of the filaments commonly remain free. The 
arrangement becomes highly complicated when the filaments are 
at the same time coherent and branched, as in Malvaceee. In the 
Compositoe, e.g., the Sunflower and Thistle, the filaments are free, 
but the anthers become coherent (jsijngenesious)^ though they are 
not originally united. 

Besides these varieties of arrangement, it frequently occurs that 
the filaments adhere to other portions of the flower, particularly of 
the perianth, so that they — or wlN3n they are very short, the anthers 
— appear to be inserted not upon the axis of the flower, but upon 

the leaves of the perianth (epipefalous 
or epiphylloiis). This condition is 
most frequently present when the 
petals themselves are connate and 
form a tubular corolla, e,g,, Primula. 
The adhesion of the stamens to 
the carpels is of rarer occurrence, 
e.g,f Orchidaceee; the flower is then 
termed gymndrous. In many flowers 
it happens that certain filaments, oc- 
cupying a definite position with re- 
gard to the other parts of the flower, 
are longer than the others ; thus, of 
the six stamens of the Cruciferae 
(«.{jr.. Rape and Cabbage), four are 
much longer than the other two ; of 
the four stamens of tliQ Labiatie {e.g,^ 
Lamium), two are longer than the 
other two. In the former case the 
?tamens are said to be tetradynamous, in the latter didynamous. 

Stamens which bear no anthers and which present to a certain 
extent a leafy appearance are called stammodia ; thuy occur regu- 
larly in some flowers (e^g,, Canna). Double flowers are produced by 
the assumption of a petaloid appearance by the whole of the 
stamens — or the larger number of them.* In many flowers which 

* In other cases the ** doubling” is the result of .a multiplication of the 

petals, the androBcium remaining unaltered, c.^., Campanula. The so-called 
doubling of Compositss resembles this in its external features only. This will 
be discussed when the Order is under consideration. 



Fio 112.— Part of a malo tlower of 
Rtetmts communis cut through length- 
ways; J f the basal portions of the 
compoundly-branched stamens; a the 
anthers. (After Sachs.) 
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Fig. M3.— Pollen-prain of Epilobinm 


liftvp a spiral arrangement of their parts" Nymphoea, ibero are 
intermediate forms between the petals and stamens, so that the 
passage from one to the other is gradual. 

The pollen-sacs are contained in the anthers, two, commonly, in 
each half^ ^ p) > more rarely there is only one, or there 

may be four. The pollen is shed by the dehiscence of the anthers, 
usually in considerable quantity. The mode of dehiscence of the 
anthers ^s indicated by their structure ; some, as in Ericaceas, open 
by a circular pore at the apex of each half of the anther, but most 
of them have a longitudinal slit on the inner side, i.e., the side facing 
the centre of the flower (^introrse), or on the outer side (e^rtrorse). 

When the pollen-grain reaches 
the stigma (see the next section), or 
if it is immersed in a solution of 
sugar, the intine, or inner coat of 
the grain, protrudes one or more 
long tubes, the pollen-tuhes (Fig. 

143 s). The spots at which the ^ 

ex tine, or outer coat, is thus rup- Fig. M 3.— Pollen-prain of Epilobinm 

tured bv the e-rowino- cell are bearing? a poiien-tubc! « 

curea oy tne growing ceii are ^ ^ ^ 

usually indicated beforehand by where the cxtine is thinner in nnticipation 

some peculiarity of structure such f formation of the poiien-mbo (»), 

, . . developed in this case at a, 

as a special thinness, or a lid-like 

development of the extine, and are also definite in number (1, 2, 3, 
4, 6 or more). 

The pollen-grains of some Orchids and a few other plants never 
separate but remain united in masses (polUnia) corresponding to 
the several pollen-sacs. 

The Oynoecium or Pistil is always the terminal structure of the 
flower, occupying the apex of the floral axis. ]5ach of its con- 
stituent parts is called a carpel^ and in the Angiosperms they form 
the ovaries, which are closed cavities containing the ovules. If in 
a flower where there are several carpels each of them closes by the 
cohesion of its^ margins, they form so many ovaries ; the gynoecium 
is then said to be apocarpotis (Fig. 144 A), Ranunculus, 
PoBonia, and Butomus ; if there is only one carpel (Fig. 144 B), the 
pistil is said to be apocarpous and simple ; if several carpels in one 
flower cohere and form a single ovary (Fig. 144 G), the gynoecium 
is said to be syncarpous, e.g,. Poppy and Lily. Intermediate forms 
occur in that the carpels may cohere by their lower ends whilst 
their upper ends remain free (Fig. 144 Jj), 
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Tlie ovary is said to be monomerous when it is formed of only pne 



Fio. 141.—A Apocarpous gynoecium of Aconite. B Simple apocarpous pistil of Melilotus 
C Tetramerous syncarpous pistil of Bhamnus. D Ov&ry of Sazifraga, formed of two carpels 
which diverge towards the top ; t torus ; /ovaries; g style ; n stigma ; b ventral suture. 


carpel (Fig. 145 A)y the margins of which cohere on the side 
opposite to the midrib. The side along which the midrib rims is 
the dorsal surface (Fig. 145 A r); opposite to it is the line of 
cohesion, the ventral suture, which runs therefore on the ventral 
surface. The cavity thus enclosed (loctdus) is not usually divided 
by dissepiments, but it is a simple cavity, as in the Vetch ; such an 
ovary is said to be unilocular. False or spurious dissepiments, formed 
by growths on the inner surface, occur in some few instances, as in 
Astragalus. 



Fio. 145.->Transver8o section of ovaries; p placenta. A Monomerous and nnilooular; 
r dorsal suture ; b ventral suture. B Polymerous and unilocular. C Folymerous and many* 
chambered, but unilocular. D Polymerous and multilocular. 

When, on the other hand, several carpels cohere to form an ovai^, 
it is pohjmeroits (di-, tri-, or totra-merous). This may be unilocular 
(Fig. 145 B) when the individual carpels cohere simply by their 
edges, without any portion of them projecting inwards ; but if the 
margins project into the cavity so as to form longitudinal dissepi- 
ments, the ovary is chambered (Fig, 145 0), e.g,y Poppy ; but since 
the chambers are open towards the middle, the ovary is still unilo- 
onlar. When the margins form dissepiments which meet in the 



OKOUF ir. — PHANKROGAMS. 


191 


middio, the ovary is muttilocular ; sometimes the margins turn 
outwards. a^ain towards the circumference. In those cases tha 
individual loculi are completely separated, but there are others in 
which the margins of the carpels do not extend so far towards the 
centre at the upper part as at the lower, but the two margins of 
each carpel simply cohere together above ; consequently the lower 
part of the ovary is polymerous and multilocular, while the upper 
part is composed of a number of monomcrous ovaries, c.g.^ Saxifraga 
(Fig. 144 D), In all these cases the floral axis may grow up into 
the interior of the cavity of the ovary, and when the ovary is 
multilocular the axis may coalesce with the dissepiments. 

False dissepiments may be formed in polymerous ovaries by 
ingrowths from the internal surface of the carpels ; thus the ovary 
of the Boragineas and Labiatro is originally bilocular, but eacli 
loculus becomes divided into two by a false dissepiment, and wheu 
the fruit is ripe the four loculi sepjirate completely. 




Fig. 146.~Dlagrain of, H hypogynous ; P perigynous ; E epigynous flowers; a axis ; k calyx ; 

0 corolla ; a stamons ; / carpels ; n stigma ; ak ovule. 

When the axis grows, as is usually the case, equally in all part^, 
the gyncBcium, being nearest to its apex, is the uppermost part of 
the flower. When this is the case its insertion is above that of 
the stamens and perianth (Fig. 146 If), and the ovary is said to be 
mperior and the flower hypogtjuouSf as in Ranunculus, Papaver, 
Lilium, and Primula. But in a great number of plants the periantli 
and androecium are raised by the more vigorous growth of a lower 
portion of the axis (as represented by the outer portion of the 
torus) and stand on a circular rim surrounding the apex of the axis 
which lies at a lower level. Of this condition two different forms 
occur : — ^in the one, the carpels are inserted in the depression at the 
apex of the axis (Fig. 146 P), and there form one or mor? ovaries 



192 


PART IV. — THE CIiASSIFinATluN OF PLANTS. 


whicli are invested by the raised rim of the axis ; they are qiiito 
free from it, primarily at least, though they may subsequently 
come adherent to it ; in such cases, as in the Bose and Apple, the 
flower is said to be 'perigtjnous : in the other, the carpels spring from 
the upper rim of the cavity which is formed by the axis itself and 
simply cover it in at the top ; such flowers are said to bo epigynoiis^ 
and the ovary to be infenovy e. 7 ., Gourds and TJmbelliferflo (Fig. 146 JG7). 
Many transitional forms between these two extremes are fo'und. 

The inferior ovary of epigynous flowers is rarely monomerous, 
that is to say, the cavity formed by the axis is but seldom closed by 
one carpel only ; it is commonly polymerous, but it may be either 
unilocular or multilocular ; in the latter case, the margins of the 
carpels grow down along the internal surface of the cavity. 

The Style (Figs. 144 and 147) is the slender prolongation of the 
upper part of the carpel : monomerous ovaries have but one style, 
polymerous ovaries have as many styles as there are 
carpels; these may cohere throughout their whole 
length or at their lower parts only, the upper parts 
remaining distinct; or they may remain quite free, 
and they may even branch. The style originally 
arises from the apex of the ovary, but it is frequently 
displaced forwards, by the vigorous development of 
the dorsal portion of the carpel, on to the inner side» 
so as to appear to be a prolongation of the floral axis. 
This is conspicuous in the Boraginaceso and LabiataB, 
where it is sun'ounded by the four rounded portions 
of the ovary which have been already mentioned 
(Fig. 222). The style is sometimes very short, and 
appears only as a constriction between the ovary 
and the stigma, as in the Poppy. In some rare 
cases it is hollow, but it is usually filled with a loose 
stylo; n stigma tissue, called conducting tissue, through which the 
(nat. size). pollen-tube can easily penetrate. 

The Stigma (Figs. 144 and 147 n) is the uppermost end of the 
carpel ; it is distinguished by being covered with papillro, or fre- 
quently with hairs, and by the secretion of a sticky fluid which 
retains the pollen-grains which fall upon it, and which promotes the 
development of the pollen-tubes. The stigma is often evidently 
distinct from the style, appearing as a lobed expansion; in other 
cases it seems to be merely a portion of the style at its end, or 
sometimes on its side. In Papaver it is a senile disk-shaped 


,Fig. 147.-Gy. 
nceciuiz. of ,tho 
Lily; / ovary; g 
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expansion on Iho upper surface of tli4 ovary; more rarely it is 
W'presented by bands of papillae on the ovary itself, when it is said 
to be pleurhgynous. 

The Ovules are always enclosed in the cavity of the ovary either 
singly or in larger or smaller number. Usually they may be readily 
seen to be appendages of the carpels (Fig, 148 I?, (7, but in 

many cases they appear to bo special organs developed in the cavity 
from l£ie floral axis. However, from careful comparative examina- 
tion, it seems that these apparently axial ovules are to be regarded 



FjG. 1 Id. -'Diagram of tlie different modes of Placentatlon. A Carpel of Helleburns 
opened along the ventral suture ; s the ovules on (g) the marginal placenta. B TransvertiC 
section of the ovary of Nicotiana ; / wall of the ovary; q placenta, largely developed by the 
union of the margins of the carpels (axilo placentation). C Transverse section of the 
ovary of Butomus. The ovules are scattered over the whole of the inner surface, except the 
midrib, m (superficial placentation). D Longitudinal section of an ovary of one of the Compo* 
sitae; / the wall; the ovule («} grows from the base by the side of the apex of the axifi, a. 
E Longitudinal section of the O'mry of one of tiie Umbellifene; in each chamber an ovule 
is suspended. F Longitudinal section of miciiin : a single ovule grows at the apex of the 
floral axis. 0 Longitudinal section of the ovary of one of the Friinulaccse ; the ovules 
grow on a prolongation of the axis (free central placentation). Fig. 146 B represents 
*|)arietal placentation. 

as being originally appendages of the carpels, their position on the 
axis being merely the result of a more or less considerable displace- 
ment due to the coalescence of the carpels with the axis. That 
portion of the ovary which bears the ovules is called the placenia. 
In most cases it obviously belongs to the carpels, and oven in cases 
of free central placentation (Fig. 148 F, Q) it probably does, in part 
at least, also (Figs. 145 p, 148 q.) 
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The ovules home by the carpels are usually marginal, that is to 
say, the placenta occupies a part or the whole of the longitudinal 
margin of each carpel, and bears either a single ovule Or a single 
row (rarely more than one row) of ovules (Figs. 145 p, 148 A q). 
In polymovous ovaries the coherent margins frequently undergo n 
considerable thickening (Fig. 148 B q). The ovules afe more * 
rarely superficial, that is to say, borne upon tlie whole interior sur- 
face of the carpel, the midrib however usually remaining fre» (Fig. 
148 0). 

The apparently axial ovules are developed sometimes on the floor 
of the cavity of the ovary (Figs. 129 and 146), sometimes at the side 
of the apex of the axis, as in the Compositm (Fig. 148 D), some- 
times as prolongations of the axis, as in Piperaceoe and Polygoneae 
(Fig, 148 F), sometimes on a placenta developed in the cavity of 
the ovary at the apex of the axis, as in Primulaceae (Fig. 148 6r). 

The direction of the ovule varies ; it maybe erect (Fig. 148 D, F), 
or suspended (Fig. 148 E), or horizontal (Fig. 148 A), or ascending. 

The Nectary is a glandular organ which secretes an odorous or 
usually a sweet fluid much sought after by insects. The nectaries 
are not distinct parts of the flower, but are developed on the other 
organs ; thus in llheum they occur at the base of the stamens ; in 
the Umbelli ferae, as fleshy excrescences on the carpels ; ani in 
Citrus as an outgrowth of the floral axis below the carpels. When 
they have the form of an annular wall or a cushion, they are termed 
discs (e.g., in lihamaus). Soiiictiraes, however, certain leaves of 
tho flower are greatly altered in form and entirely diverted fronr 
their proper functions by the development of the nectaries; this 
happens in the Gcsnoraceoa to one of the five stamens, to the petals 
of Helleborus and Aquilegia, and to one of the petals of Viola, 
among many instances. 

llelative Fosition and Number of the parts of the Flower. Sym- 
metry of the Flower. The leaves forming the flower, like those borne 
by the vegetative part of the stem, are frequently arranged spirally, 
and the divergence is most commonly but higher divergences* 
also occur, especially in the jxndroecium, when nunUbrous small 
organs are inserted upon an expanded axis {e.g.. Ranunculus). In 
the spiral or acyclic flower there is either no well-marked distinction 
of the various scries, that is, the members of the calyx and of the 
•corolla and the stamens are connected by intermediate forms (as in 
tTympheeaX or the various series are sharply defined, each series 
taking up one or more turns of the spiral. In the latter case, if 
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tVo divergence is constant, the raembei/of successive turns of the 
spiral aje superpof^ed, that is, they lie on the same radii drawn from 
the centre of the flower : this is well seen in many Urticacoa?, where 
the members of the perianth and the stamens are arranged in a 
^ continuous spiral with a divergence of |, each series talcing up two 
turns of the spiral : here the five stamens are superposed upon the 
five leaves forming the periantli. 

Ma^y cyclic flowers — flowers, ilvat is, tlie leaves of which are 
arranged in whorls — are very closely related to the lai.ter form oF 
acyclic flowers; this is shown by the fact that ihesc two modes of 
arrangement are exhibited not only b}'' tlic flowers of closely allied 
plants, but also by flowers of the same species. In this case, instead 
of there being five perianth loaves talcing up two turns of a spir.al 
with a divergence of f, four or six leaves are preseni, ari'anged in 
two whorls consisting of two or three leaves respectively. Since 
the same arrangement exists. in the androocinm, these two scries of 
organs form four regularly alternating whorls, each consisting of 
two or three members. The two whorls of the perianth may be 
differentiated, as in most Angiosperms, into calyx and corolla, or 
they may together form a simple perianth, as in many Mono- 
chlamydcao. 

In other cyclic flowers the alternating whorls consist each of five 
members, and in these cases too, two of the whorls (calyx and co- 
rolla) belong to the perianth, the other two to the aridrrecinm. IJ 
instead of five, only four members are present in each, the calyx 
usually consists of two whorls each of two mcTrd)ors, with which 
the whorl of petals alternates. AVlien the perianth is differentiated 
into calyx and corolla and two whorls of stamens — consisting of the 
same number of members — are present, one whorl of stamens is 
opposite to or superpose:! on the sepals, and the other is superpqped 
on the petals. Other loss frequent modes of arrangement will be 
treated of in connection with the plants in which they occur. 

When cyclic flowers consist of alternating whorls each containing 
'the same number of members, they are said to bo encyclic. The 
number of members in a whorl is indicated by the expressions di-, 
tri-, tetra-, penta-merous, etc. ; whorls containing the same number 
of members are said to be Uomerous, When the members of a (lower 
are arranged, some in whorls (usually in the perianth) and the 
others in a spiral (usually in the androecium), the flower is said to 
be hemicycUc, 

These various arrangements, as in the case of the arrangement 
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of the foliage leaves, are most clearly represented by means !?f 
diagrams. In a floral diagram, the calyx lies externally, ^nd the 
gynoecium, as being the uppermost series or organs (even in epigy- 
nous flowers), lies most internally. In ordei* to be able readily to 
distinguish the various series, symbols are used which recall some 
peculiarity of their form : thus the mid-rib of the sepals is indicated » 
and in the case of the stamens, the anthers. 

If only such relations of position as can be observed in a ^ower 
are indicated in the diagram, a simple empirical diagram is the 
result. If, however, the results of the investigation of the develop- 
ment of the flower and of the comparison of it with others bo borne 
in mind, a general plan of arrangement will be detected, and the 
individual peculiarities of arrangement, quite apart from any varia- 
tion in the form of the organs, will bo seen to be due either to the 
suppression of one or more whorls or of one or more members of a 
whorl, or, more rarely, to a multiplication of the whorls or of their 
members. If, however, the organs which are absent, but which 
should be typically present, be indicated in the empirical diagram 
by dots, it becomes a theoretical diagram. In this way it is possible 
to arrive at general types on which large numbers of floAvers are 



F 10 . 119.— FI oral Diagram Fio. 150— Floral Diagram Fio. 161,— Floral Dia- 

ofaLily. of a Grass. gram of a Crucifer; tlie 

median 'stamens are 

constructed. Fig. 149, for instance, is the empirical diagram of the 
flower of the Lily, and it is at the same time the type on which the 
floAver of Grasses (Fig. 150) is constructed in Avhich certain organs 
are suppressed. 

Under the head of multiplication of parts, reduplication or pleio- 
nmj — ^that is, the formation of two members in a whorl in place of 
one (Fig. 151) — must be especially considered. This is the result 
either of the branching of a member at an early stage, or of the 
original development of two members in the place of one. 

The regular alternation of the whorls (especially when they 
eensist of four or five members) in encyclic flowers is often disturbed 
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a displacement of sncli a nature that the inner staminsil whorl, 
which is? normally superposed on the petals, and alternates with the 
sepals, comes to lie in the same plane as the outer whorl, or oven 
externally to it (Fig. 152). • 

Hitherto nothing has been said as to the 
arrangement of the gynoecium in the flower, for 
it doei not stand in such simple relations witli 
the other series of members as they do to caoli ! x WK jr r / s 

other. Very frequently tlie number of carpels 
is smaller than that of the members of the other 

series, and in such a case their arraniroment is 

. . V Rrain of Dictamnus : the 

quite irregular. If the gynoocnim is isomorous „ppor (internal) xvhori of 

with the calyx, corolla, and andrcecium, the stamens (sinwie.i) has been 

, nt. j. ‘iiii* 11 ilisplaccd, SO that they lie 

carpels usually alternate with the inner whorl i^otween those of the lower 

of stamens, as in most Monocotyledons (Fig. (external) whorl ; the car. 

149). When 'the above-mentioned displace- 

ment occurs in the androochim, the carpels snperpoRcd on the stamens 

sometimes alternate with the actually internal of the inner whorl. 

whorl of stamens, sometimes with the wliorl which was primarily 

iuternal. 


The number and the relations of the different parts of the flower 
may be indicated not by diagrams only, but also by formula), in which, 
as in the diagrams, for the sake of clearness, all the peculiarities of 
development are overlooked. Thus the diagram (Fig. 149) may be 
expressed by the formula /i3, 03, il3 + 3, 'which means that 
the calyx K, and the corolla 0, each consist of a single whorl of three 
members, the androecium of two whorls each of three members, and 
the gynoGcium of one whorl of three members, all in regular alterna- 
tion. When one whorl is superposed on another, the superposition is 
indicated in the formula by a line | between the w^horls. * If 
the number of members in any whorl is Vtariablo, the letter n is used 
instead of a number. Thus, for instance, Kn, On, i4ri -f n, Gn is the 
theoretical formula of most Monocotyledons. The absonoo of a whorl 
is oxpi’essed«by a cypher 0, and of individual members by the number 
of those ac^ally present. Thus the formula for the flower of a Grass 
(Fig. 150) is XO, 02, AS + 0, G^K The bracket in which the 
number of the carpels of the gynoecium 0 is here enclosed, indicates 
that the members thus bracketted are coherent. Superior and 
Inferior ovaries are indicated by a stroke below or above the 
corresponding figure, and reduplication by the exponent 2 ; thus 
(he diagram (Fig. 151) is represented by the formula X2 2, 
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0x4, A2 + 2®, 0-^^, the x after 0 indicating that the position 
of the petals is diagonal, t.e,, that the four petals alte^nsite with 
the four sepals, fis if the latter all belonged to the same whorl. 
Staminodia may bo distinguished by a t before the figure. The 
position of the carpels in those cases in which the above-mentioned 
displacements of the stamens have occurred is indicated by a | 
placed before the number, which moans that they are superposed 
on the petals. When the perianth is not dilforentiated into calyx 
and corolhi, it is expressed by the letter P; thus, the formula for 
the flower of Asarum is P3 A6 + 6, 

The relations of position between tlie floral organs and the leaves 
which precede them yet remain to be considered. These can be 
most readily made out in the case of a lateral flower ; of a flow'er, 
that is, the axis (peduncle) of which springs from the axil of one 
of the leaves of the main stem, and bears no leaves except the 
bracteoles and the floral organfe themselves. A plane which passes 
through the flower, and also through the main stem and the median 
'irie of the subtend ing^i^if (bract), is termed the median •plane or 
ticcHou of the flower ; the plane which cuts this one at right angles 
is termed the lateral plane or section ; and the plane which bisects 
the angles nuido by the median and lateral planes is the diagonal 
}dane or section. By means of these expressions the positions of 
the parts of a flower may bo accurately indicated ; thus, in speak- 
ing of the flower of tlie Cruci ferae (Fig. 151), the external whorl 
of ^sepals lies in the median [d.ane, the carpels in the lateral, the 
petals in the diagonal. In all floral diagrams the position of the 
main axis should bo indicated by a dot placed above the diagram; 
tlie bract, which would be of course exactly opposite to it, need 
not be indicated. The side towards the main axis is said to bo 
Ijosterior, and that towards the subtending leaf, anterior. 

Many flowers, most IVIonocotyledons for instance, have only one 
bracteole (prophyllum), which is nearly always placed opposite to 
the bract, that is, posteriorly to the flower. When this is the case, , 
a leaf of the trimerous calyx is placed anteriorly. - • 

If two lateral bracteoles are present (usually indicated as g 
and ^), as is the case in most Dicotyledons, the sepals, if the calyx 
is dimerous, are median ; if the calyx is trimerous or pentamerous 
(whether it be whorlcd or spiral), one sepal is median and posterior. 

It is obvious that such a flower as that represented in Fig. 153 
can be divided into two symmetrical halves, resembling each other 
as an object and its reflected image, in one plane only, and that a 
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r^rtical plane. In this case this plane* coincides with the median 
plane o{ the flower. 

, Flowers which can be divided, like the one in Fig. 153, into t wo 
symmetrical halves in one 
plane only (which may or 
may not coincide with the 
median plane) are said to bo 
monosymmetneal or zygomor- 
phiCj and in systematic works 
they are termed irregular, 
rf a flower can be symmetri- 
cally divided in more than 
one plane, it is said to be 
polys ymnvdr leal. In such 
flowers two cases may occur : 
in the one, the flower is re- 
gular or aclinomorjyhic, that 
is, the halves produced by all 
possible sections are similar, 
or in other words, the flower 
may be divided into a number of similar sectors (see the diagrams, 
Pigs. 149 and 152) ; in the other, the halves j)rodiiced by one 
section are unlike tliose produced by another, and such flowers 
also are said to be zygomorphic or irregular. Those flowers are 
said to be asymmetrical which cannot be symmetrically divided by 
any section whatever. 

These expressions apply as well to the relations of position and 
number as indicated in floral diagrams, as to the form of the perfect 
flower. It fretpiently happens that a flower whicjh is more or less 
regular at its first appearance, subsequently becomes zygomorphic, 
as in Dictamnus and in the Leguminosro and Labiato; spiral 
flowers also, the diagrams of which do not indicate any such 
condition, often assume a zygomorphic form, as in Aconitum. The 
zygomorplpic symmetry of a flower is indicated in its floral formula 
by symbols; when the plane of symmetry coincides with the 
median plane the symbol vj/ is used, and when it coincides with the 
lateral plane the symbol ■$>. 

Actinomorphic flowers sometimes occur abnormally, more espe- 
cially near the extremity of the axis of inflorescence, in plants the 
flowers of which are normally zygomorphic. Such flowers are 
said to hepelorie. 
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Pollination, It is essen^dl, as a proliminary to fertilisation, that 
<ho pollen should be conveyed to the stigma. In a great number 
of hermaphrodite flowers, particularly such as are small and incon- 
spicuous, the pollen is conveyed to the stigma of the same flower 
by very simple means ; in some cases the pollen falls on^ to the 
stigma which lies at a lower level than the anthers, in others the 
close juxtaposition of the organs allows of its immediate transfer 
to the stigma so soon as the anthers open. In certain cases fllowers 
are so modified as to ensure this self-fertiliaation ; instances of this 
are found in species of Viola, Lamnim amplexicaule, Oxalis Acetosella^ 
and others ; these plants beai’, in addition to their ordinary flowers, 
others which have an inconspicuous perianth which does not open ; 
on account of their peculiar structure these flowers are said to be 
cldstofjamnvs, , In all these cases fertilisation is perfectly effected 
by the pollen of the same flower. It is, however, self-evident 
thatj when flowers are diclinous, the pollen must be conveyed to 
the stigma of one flower from another ; and it is now known that 
in a vast number of hermaphrodite flowers also, pollination is 
commonly effected by the transfer of pollen from one flower to 
another (cross-fartilisatlou). The conveyance of the pollen is 
effected in the case of a number of plants with inconspicuous 
flowers, such as the different Cereals, by the agency of the wind, 
when they are said to be anemuphilous ; but in the case of such 
flowers as are conspicuous by their size, colour, perfume, and 
by their copious secretion of honey, the insects which visit the 
flowers for the sake of the honey, as well as to gather pollen for 
food, perform this important function ; these flowers are said to be 
entomophilous. In some of these cases it has been demonstrated that 
it is only the pollen of other flowers which can effect fertilisation, 
chat the pollen of the flower itself is useless, or even injurious, and 
that consequently cross-fertilisation is indispensable. In other 
cases the pollen of the same flower, though not absolutely useless, 
has far less fertilising power than that of another flower ; under 
these circumstances cross-fertilisation is advantageous.^ In other 
cases again, the pollen of the flower itself has as powerful a fertilis- 
ing effect as the pollen of other flowers, but the superiority of 
cross-fertilisation is shown by the greater vigour of the progeny 
which are the issue of the crossing of two individuals. 

In those flowers to which cross-fertilisation is indispensable or at 
least important, the most various contrivances are exhibited for the 
purpose of hindering or limiting self-fertilisation on the one hand, 
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tttki oa the other of facilitating cross-fertilisation, or finally, in 
default of cross- fertilisation, of ensuring ultimate self- fertilisation ; 
this last, of course, only in those cases in which the pollen of the 
flower itself is capable of fertilising it ; for it is evident that self- 
.fertilisa^ion, even if not very advantageous, is at any rate of some 
use to the plant. 

Among the contrivances for the prevention of self-fertilisation, ono 
of the simplest is the arrangement of the anthers and stigma in 
such positions that the pollen cannot possibly roach the stigma of 
the same flower, Aristolochia (li'ig. 154), or secondly, the abor- 
tion of all the male organs in some flowers and of all the female 
organs in others ; in such flowers the organs in question are present, 
but they are not functional. Tin's is an approach to the diclinous 
condition ; it occurs in the Tiger-lily, in which the anthers are 
commonly abortive in some flowers and the ovaries in others. 
Thirdly, dichogamy frequently occurs, that is, that the stigmas and 
stamens attain their functional activity at different times ; flowers 
in which this occurs are either pro todroiw, that is, the anthers are 
first developed and have already shed their pollen when the stigma 
of the same flower is capable of receiving it, or they protogyno%i!t^ 
that is, the stigma is fully developed before the anthers of the same 
flower are ready to shed their pollen: in the latter case self-fer- 
tilisation is obviously only excluded if the stigma is withered before 
the pollen is shed ; there are, however, protogynous flowers in which 
the stigma remains fresh for a long time and which may be fer- 
tilised by their own pollen. As examples of protandrous flowers, 
those of the Umbelliferm, and most of the Compositre, Lobeliaceje, 
and Campanulacege may be mentioned ; and of protogynous flowers, 
Aristolochia, Arum, 8crophularia nodosa^ and some species of Plan- 
tago, but this condition is less common than the preceding. • 

Among the contrivances which lead to the cross-fertilisation of 
flowers by the agency of insects, the means of tempting insects to 
visit the flowers, such as bright colours, odours, and the secretion 
of honey, mivt be first mentioned. The peculiar marking of the 
flower serves in many cases the purpose of guiding insects to the 
nectary. The form of the flower, the situation of the honey, the 
position of the stamens, and their relation to the other parts of the 
flower, particularly to the stigma, the relative development in point 
of time of the different parts, all these circumstances combine and 
co-operate to secure cross-fertilisation, and sometimes to allow of 
the visits of particular insects only, as, for instance, of butterflies 



202 PART IV.— T^E CLASSIFICATION OF PLANTS. ' 

with long probosces, though there are also cases in which the insects 
must occasionally convey the pollen to the stigma of the i^me flower. 
A simple arrangement of this kind, known as heterosiylmn or 
mor plasm, and which occurs in the Primulacese, Pulmonariese, and 
others, may be mentioned here. These plants have twp'dtinds o£ 
flowers ; in one form the stamens are short and the style much 
longer, so that the stigma projects above the anthers ; in thg other 
form, on the contrary, the anthers are on long filaments above the 
stigma, and they are so constructed that the anthers of one form 
stand on the same level as the stigma of the other (Pig. 226). 
Prom the position of the nectary, and the form of the rest of the 
flower, an insect visiting it is obliged to take up the same position 
at each visit; consequently after it has visited a flower of the one 
kind, when it visits a flower of the other kind, it touches the stigma 
of the latter with the same part of its body with which in the first 
flower it brushed the anthers, and thus the pollen which it carried 
away with it from the anthers of the one flower is transferred to 
the stigma of the other. Observations made by artificially trans- 
porting the pollen have shown that fertilisation is most complete 
when the pollen of stamens of a certain length is conveyed to the 
stigma of a stylo of the same length. The same is the case with 
tnmorphio plants, e»g,, Oxalis : in these, three forms of flowers occur 
with three different lengths of styles and stamens. 

As examples of more complicated contrivances for the purpose 
of securing cross-fertilisation, Aristolochia and Epipactis may be 
described. 

The flower of Aristolochia Clematitis (Fig. 154) is protogynous; 
insects can penetrate without difficulty down the tube of the 
perianth, which is furnished on its internal aspect with hairs which 
pSiiit downwards, and they thus convey the pollen they have 
brought with them from other flowers, to the stigma ; the hairs, 
however, prevent their return. When the pollen has reached the 
stigma, its lobes (Pig. 154 A and B n) spring upwards, and thrya 
the anthers, which now begin to open, are made accessible to the 
insects ; these, in their efforts to escape (Pig. 154 Z), creep round 
the anthers, and some of the pollen adheres to them ; by this time 
the hairs in the tube have withered, and the insect escapes, dusted 
over with pollen which, in spite of experience, it proceeds to convey 
in like manner to another flower. Those flowers which are ready 
for fertilisation have an erect position, and the tube of the perianth 
is open above so that the insect can readily enter; after fertilisation 
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th(^ peduncle bends downwards and the tube is closed by the broad 
lobe of {he* perianth, so tliat it is impossible for insects to entei 
flowers whicli have been fertilised. 

In the flower of Epipactis (one of the Orchidaccro), tlie anther is 
«ituated:^<ibove the stigma and does not slied its pollen in isolated 



• Fig. Flowt^rof Aristolochia. A Before, 
and B after fcrtili»ation; r the tube of the 
perianth; h the cavity below; n stigma; a 
anthers ; I au insect ; kf ovary. (After Sachs.) 



Fig. ]^rh—Epipnctia latifoha. A Longi- 
tiuHnul section through a llowor-liiid. B 
Open llowcr aft(?r removal f)f the perianth, 
with the exception of the labellura, 1. C The 
leprodiictivo organs, after tlio removal of 
the periantli, seen from below and in front. 
Das W. The point of a Icad-pimcil (b) in- 
sertod after the manner of the proboscis of 
an insect. E and P The leail-pencil with 
the pnllinin attached; fJ{ ovary ; I labellura, 
its sac-like depres-sion serving a.s a nectary ; 
n the broad stigma ; cn the connective of 
the single fertile anther; p pollinia; h the 
rostellum; « x the two lateral gland-like 
stominodes; % place where tlie labellura has 
been cut off; s the columnar style. (After 
Sachs.) 


grains ; but when a certain sticky portion of the stigma, known as 
the rostellum (Fig. 155 h), is touched, the entire pollen^sacs, together 
with the rostellum itself, are earned away. The insect creeps into 
tho flower to obtain the honey which is secreted in the cavity of 
pne uf the leaves of the perianth, the labellum (Fig. 155 and, as 
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it withdraws from the flower, it carries away the rostellum With 
tlie pollen-masses (^pollinia), (In Kg. 155 the point of ^pencil 5 
lias been intiTiduced into the flower and the rostellum has adhered 
to it.) The insect, on entering the next flower, deposits the pollen 
upon the stigma. 

In the course of frequent cross-fertilisation it is inevitable that 
the pollen of other species of plants should be applied to theytigma, 
but while the pollen of plants of very different species is wholly 
witliout effect, that of nearly allied species, particularly those 
belonging to the same genus in certain groups, has a fertilising 
effect ; the result of such fertilisation is hyhrkUsatwn, that is, the 
development of a plant which combines the characters of both 
parents to a certain extent, and which is known as a bastard or 
hybrid. Hybrids are for the most part sterile among themselves, 
but are often fertile when crossed again with a plant of either of 
the parent-species or of some allied species. While hybrids are 

produced with great ease in 
certain genera, as Salix and 
Cirsium, in others the arti- 
ficial production of hybrids 
has never yet been .found 
possible even between very 
closely allied species, as the 
Apple and Pear. 

Fertilisation. After reach- 
ing the stigma the pollen- 
grains protrude the pollen- 
FIG. 166.-.Diagram of an ovule shortly after tubes which penetrate 
fertilisation: a outer, and < inner integument;/ _ ai. ' x* c xi. 

funiclo-knuceUus, S Embryo-sac in which If is through the tissue Ot the 
thb embryo developed from tho fertilised oosphere. style into the cavity of the 
The sac also contains the endosperm-cells which are j xi... 

being formed by free cell-formation. P The pollen. OVtiry, and through the 
tube, passing through the micropylo, n. micropyle of each Ovule tO 

its nucellus (Fig. 150 P w). The time required by the pollen-tube 
for this process depends partly on its distance from the ovule and 
partly on the specific peculiarities of the plant ; thus the pollen-tubo 
of the Crocus takes only from one to three days to traverse the 
style which is from five to ten centimetres in length ; but in the 
Orchids, where the length of the style varies from two to three 
millimetres, several days, weeks, or even months are needed, and 
it is during this process that the ovules are formed in the ovary. 

In tlie Angiospermsvtho embryo-sar always lies at the anterior 
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en(J of the nucellus, and it sometimes projects from the micropylo 
lb nsualljV contains three cells at its posterior and three at its 
anterior end ; the former are the antipodal cells, the latter are the 
ooaphere with its two sister-cells the synergidcB, The oosphere be- 
comes fertilised, and, in consequence of fertilisation, it becomes 
surrounded by a cell-wall, and elongates to form the snspensor, at 
the posterior end of which the embryo is developed (I'ig. 150 K). 
Meanwhile the rest of the sac becomes tilled with endosperm ; this 


is usually first formed by free cell- formation, but in many cases 
it arises by the division of the embryo-sac. Thus the ovule becomes 
converted into the seed. 

In the endosperm the nutritious substances which will be neeiled 
by the young plant when it germinates, are stored up. In many 
seeds the whole or the greater part of the endosperm is absorbed 
by the growing embryo ; in that case the nutritious substances are 
deposited either in the persistent and increasing tissue of the nucellus 
(as in Canna and Piper, Fig. 157 B P), which is called the peri- 
sperm, or in the germ itself, 
in its cotyledons, which at- 
tain a considerable size (as 
in Bean, Horse-chestnut, 
and A^lmond, Fig. 157 G). 

The Fruit The effect 
of fertilisation is not 
manifested only in the 
formation of the embryo 
from the oosphere and of 



Fift. 157.— Sections of ripe seeds. A Nux vomica, 
showing JB endosperm. B Piper, showing both endo- 
sperm, JS and perisperm, P. C Almond, devoid of 
endosperm; • the testa; e embryo; to its radicle; 
c c its cotyledons. 


the seed from the ovule; but it extends to tho whole of the gynce- 
cium, and occasionally even to other parts of tho flower. 

The word fruit, in its .strictest sense, means tlio whole product of 
the development of the gynoocium as a result of fertilisation. If 
other parts of tho flower take part in tiio formation of the organ 
which is formed in consequence of fertilisation, and which contains 
the seed (of jWhat, in short, is commonly called tho fruit), it is 
termed a spur imis fruit The apple, for instance, is such a spurious 
fimit, for the outer fleshy part belongs to that part of the axis of 
the perigynous flower which surrounds the ovaries and which still 
boars the sepals (Fig. 245 D). What are called the pips of the 
apple are the seeds. This kind of spurious fruit is termed a pome. 
The strawberry also is a spurious fruit : in it the receptacle, which 
belongs of course to the axis, developes largely and becomes fleshy 
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and bears the true fruits (achones) in the form of small h^rd 
grains. The fig is another example of a spurious fruit (^Jig. 194) ; 
it is in fact a fleshy receptacle (/.e., an axis) which bears a multitude 
of distinct flowers situated inside the cavity of the receptacle^ and 
tile individual fruits appear as hard grains; such a fruit is termed 
a syconns. Again, when the ovaries and floral envelopes of closely 
crowded flowers, as in the Mulberry and the Pine-apple, become 
succiiloiit, a kind of spurious fruit is formed which is termed a 
sorosis. 


In otlior cjises, a hnsk, called the cupula is formed, which contiT- 
bntes to the formation of a spurious fruit : this is formed of loaves 
and is. not developed until after fertilisation ; it may surround either 



FiQ. 15S.-Frttit of llli- 
cium anisatum : at pedunclo; 
/■/ tho Bei)arnto fruits, each 
with a seed («) foriniti*' an 
apocariioiiB fructification. 



a solitary distinct fruit, like 
tho acorn-cup (Fig. 211), or 
several distinct fruits, like the 
four-valved spiky husk of the 
lleech-tree or the prickly 
husk of tlie edible Chestnut. 

When the fruit consists of 
one or more monomerous 
ovaries, it is said to bo apo- 
caipous : examples of this 
occur in Han unc ulus, in the 
Raspberry, where the indi- 
vidual ovaries are succulent, 
and in the Star-anise (Fig. 
158). Tho individual fruits 


may be developed in very 

Pie. 169.— Cavnm Carui, one ol'tijo UmbeniferiB. 

A Ovary of tho flower (/). B Ripe fruit wiiicii diiicreut Ways ; tlicy may be 


has divided into two mericarps (m), a portion of dehiscent Or iudchiscent, dry 
the median wall (a) forms the carpophore. , . 

or succulent. 


When tho fruit consists of a single polymerous ovary, it is said 
tx).hQ syncarpous. When the loculi of such a fruit separate from 
each other during tho process of ripening, so that Jit ultimately 
appears as if a number of distinct fruits were present, it is termed 
a achizocarp ; when two only are present, each of these is termed 
a mericarp, as in the Umbelliferm (Fig. 159) ; in the Geraniacero, 
where there are several distinct fruits, eiudi is termed a coccus ; and 
in the Maple each fruit is winged, and is termed a samara. Tho 
individual cocci are always indehiscent. 

In various multilocular ovaries only one loculus becomes fully 
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developed and bears seeds, as in Valerian and the Oak ; the others 
are abortive. It happens in rare cases that the fruit becomes per- 
fectly forrried without any development of seed or embryo, as in a 
particular seedless variety of Grape. 

In all true fruits the wall of the ovary forms the 'pericarp or 
nnd ; this usually consists of three distinct layers ; the external 



Fio. 160.— Dry dehiscent fruits. A The pod (Isgumo) of the Pea; r the dorsal suture ; b 
the ventral; c calyx; » seeds. B Septicidal capsule of Colchicum autimmile : ff f the three 
separating carpels. CSiliquaof Brassica; fe the valves; to the dissepiment andplaccn«te 
(replum); s seeds ; g stylo ; n stigma. D Capsule, opening by pores, of Papavar somniferum, 
the Poppy : n stigma ; j the pores which open by the removal of the valves (a). JS Pyxidium 
of Hyoscyamus; d the lid ; to the dissepimout; a seeds. 


layer is the epicarpj the middle the mnsocarp^ and the innermost the 
mdocarp, TAo following varieties of true fruits have been distin- 
guished by the peculiarities of these three layers of their walls — 
whether they are dry or succulent, hard or soft, — and by the mode 
in which the fruit opens to allow the seed to escape. 

A, Dry Fruits The pericarp is woody or coriaceous ; the sn;' 
has usually disappeared from all tlie cells. 

\, J)ry Indehment Vruits, The pericarp does not rupture, but 
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encloses the seed until p^enhination ; the testa is usually thin and 
frequently coalescent with the pericarp, 

(1) One-seeded fruits : 

(a-) The nut (glans), e.g.y hazel-nut (but not the walnut) ; t he 
dry pericarp is hard and sclerenchymatous. 

(h) The achene (superior) : the pericarp is thin and coriaceous ; 
e.g,^ the Rose and the Buttercup. The similaT* fruit 
of the Composite is a cypsela (inferior). 

The fruit of Grasses, termed a caryopsist is very similar to 
the achene ; it differs from it in that the testa and the pericarp 
closely adhere, whereas in the achone they are not adherent. 

(2) Many-seeded fruits (schizocarpa) : tliese commonly split into 
one-seeded fruits, which usually enclose the solitary seeds until ger- 
mination, e,g.^ the UmbelliferoB (Pig. 159), Geraniaceaa and Maple. 

II. Dry Dehiscent Fruits. The pericarp ruptures and allows the 
seeds to escape ; the testa is usually firm and thick ; they are com- 
monly many, seeded. 

(1) Dehiscence longitudinal. 

(а) The /oZ^/!cZe, consisting of a single carpel which opens 

along the ^ventral suture, where also the seeds are 
borne, e.g.j Posonia and Illicium (Pig. 158). 

(б) The legume or pod likewise consists of but one carpel 

which opens along both the dorsal and ventral sutures 
(Pig. 160 transverse section Pig. 145 A) : e.g., the 
Vetch, Pea, Bean, and many other Leguminosae ; in 
some cases (Astragalus) a spurious dissepiment 
occurs 

The Iqmeutum is a modification of the legume ; it is con- 
, etricted between the seeds, and it is either indehisoent or it 

breaks across, when ripe, at the constricted parts. It occurs in 
the Hedysarcfls. 

(e) The siligua consists of two carpels. The two carpels 
when ripe separate from the base upwards into twb 
valves, leaving the spurious dissepiinent {r^lum) 
which remains attached to the apex of the peduncle, 
and to the margins of which the parietal placentm 
are attached ; e.g.^ Rape, Mustard, and most of the 
Oruciferm (Pig. 160 0). 

When the siliqua is short and broad, it is termed a silieula^ 
u in, Thlaspi and Capsella. In some cases, as in the Badisli, 
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the siliqua is jointed and iudeljiscent, breaking transversely into 
one- seeded portions. It resembles the lomentum^ and is there- 
fore said to be lomcntaceoust. 


(d) The ca]}sule is derived from a polymorous ovary which 
may be uni- or multilocular ; it splits into two or more 
valves, either for a short distance only from the apex 
downwards, or down to the very base (Fig. ICO B). 
If the carpels become separated from each other, and 
in the case of multilocular ovaries this involves the 
splitting of the dissepiments (Fig. ICl A), the dehis- 
cence is said to bo septicidal ; if, on the other hand, 
each carpel splits along its dorstal suture, the dehis- 
cence is said to be loculicuhd (Fig. ICl 7>). In 
multilocular ovaries the dissepiments may be per- 
sistent and remain cither attached to the middle of 


the valves (Fig. 
161 L*), or united 
into a column 
which is free 
from the valves ; 
in the latter case 
the 
said 

fragal (Fig. 161 

0 ). 

The capsule lb 
usually superior, but 
sometimes, as in 
Iridacesa and Cara- 


dehiscence^. 
to bo 



Fio. 161 .— Diagrammatic ^cctioiiM of dehiscent 
!apstilcs. A Septicidal, B loculicidal, C septi- 
ragal dehisce iice. 


panulacete, it is inferior ; a special term, diplotegium^ is applied 


to the inferior capsule by some authors. 


(2) The form of capsule known as ix, pyxidium has a transverse 
dehiscence, e.^r., in Plantago, Anagallis, Hyoscyamus (Fig. 160 E) ; 
the upper gart falls off like a lid. 

(3) The porous capsule, e.y., the I^ppy (Fig. 160 D), sheds its 
iseeds through small holes arising from the removal of small por- 
tions of the wall in certain spots. 

B. Succulent Fruits. In these the pericarp (or at least some 
layers of it) retains its sap until it is ripe, and usually becomes 
' deshy at that stage ; it is Indehiscent. 

(1) The drupe (Fig. 162), the Plum, Cherry, and Walnut. 

p 
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Tlio most internal layer, the endocarp, is very hard and sclerenchy- 
matous (Fig. 162 E), and encloses the seed until germina^on; the 
mosocarp is generally succulent, aftd the epi • 
carp is a delicate membrane. 

e (2) The herri/ (hacca) ; the endocarp ii? 

soft and juicy as well as the mesocarp, bo* 
that the seeds are imbedded in the pericarp : 

' there may be one seed only, as in the ^ate, 

I or many, as in the Gourd, Currant, and 
Grape : the fruit may have one loculus, as in 
the Grape and the Gourd, or several loculi, as 
Q in the Orange; and further, it may be su- 
Pio. i 62 .-LoiiKituainai perior, as in the Grape, Orange, and Lemon, 

Almond: • the' seed nt- O’" inferior, as in the Currant, tho Gooseberry, 
tached by the funicle (/); and the Gourd. 

<• the hard endocarp; m mi i c i i • j. £ ‘j. n 

the mesocarp, and * the dehi.scont fruits are Usually 

epicarp — those constitute provided with various contrivances to ensure 
the pericarp (p), theiv dispersion; in tho case o^ indehiseent 

fruits, tho fruit itself is thus provided : of this nature are the 
wing-like appendages of tho fruit of the Maple and of the seeds of 
many Caryophyllaceous plants, tho hairs upon the fruit of the Com- 
posite, and upon tho seeds of the Cotton, the Willow, and tho Poplar. 
Tho coats of many fruits and seeds have layers of cells which be- 
come extremely mucilaginous, e,g,, the Quince, the Flax (linseed), and 
tho Plantain. The fruits of Geranium and allied genera have long 
beaks, by mcaiLs of which they bury themselves in the soil. 

Some seeds begin to germinate as soon as they are shed, but for 
the mo.st part a period of rest is requisite; if this is too much 
prolonged, they lose their germinating power. 

The lujlorescimcc. It is only in comparatively few plants that 
the first or main axis terminates in a flower ; such plants are said 
to be uniaxial : it is not usually till the second or third branch, or 
one of oven a higher order is developed, that a flower is produced ; 
such plants are said to be &/-, ov poly-axial. 

The floral axis of Angiosperms frequently forms an elaborate 
branch-system which is usually sharply defined from the vegetative 
part of the plant, and which bears no leafy structures beyond those 
of the flower except bracts. This is known as the inflorescence. 

In the inflorescence, as usually in all parts of Angiosperms, 
the branching is almost always monopodial and axillary. Some 
apparent exceptions may be easily reduced to this type ; thus, in the 
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iHQomos of most of the Crucifcroe the bracts at the bases of the 
iadividu^ pedicels are abortive, and the same occurs in many 
of the Gompositse ; in the Solanacca) and Boraginete the bract often 
undergoes displacement, so that it appears to be inserted laterally 
upon the axillary shoot ; on the other hand, it sometimes occurs that 
the axillary shoot is for some distance adherent to the main shoot. 

A long flower-stalk with no leaves or with only a few small bracts, 
whicli bears at its upper end a crowded or a sharply defined inflor 
escence, is called a scap(\ 

In accordance with the principles of branching already laid down 
on page 20, the diflerent forms of inflorescence may be classified as 
follows : 

A. Racemose inflorescences : consisting of a main axis or rachis 
bearing a number of lateral branches which liavo beam developed 
in acropetal succession ; tlio lateral shoots do not usually gi*ow 
longer than that portion of the main axis which lies iibovc their 
insertion. It is immaterial wliether or not the main axis termin- 
ates in a flower. If the lateral shoots of the first order — /'.e., those 
which spring directly from the main axis of the inflorescence — ter- 
minate in a flower without any further ramification, the inflorcsccace 
is said to be simple^ but if they branch it is said to bo compound. 

I. Simple racemose inflorescences : 

(a) With an elongated axis: the lateral shoots, which are the 
pedicels, spring from tho axis at some distance from each other. The 
three following foi’ms may be distinguished : 

(1) The spike, in which the flowers are sessile on tho floral axis, 
or have very short pedicels (Fig. 163 A) ; e.g., tho inflorescence of 
the Plantain (Plantago). 

The small spikes of the Glumales are termed spikelcts (Fig. 171). 

(2) Tho spadix, which differs from the spike only in having a 
thick and fleshy axis ; a largo bract forming a sheath, called a spathe, 
,ommonly grow s at the base of the inflorescence and envelopes it 

• noi’e or less ; e.g., Arum and Richardia. 

(3) The raceme, in which the flowers have long pedicels of nearly 
equal length; e.g , the Crucifer®, as tho Radish, Ccabbage, etc.; in 
these the bracts of the individual flowers are not developed; also 
Berberis and others, but not the Grape-vine (below No. 7). 

(fi) With a short axis ; the flowers are set closely together on the 
short or flattened main axis. 

C4) The capitulum (head) in which the short main axis is con^al 
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or disc-shaped or even hollowed out, and is closely covered wjth 
sessile flowers (Fig. 1G3 D); e.r/., the CompositoB, as I^ndelion, 
Sunflower; also the Scabious. The bracteoles (palcje) of the indi- 
vidual flowers (Fig. 1G3 Djt) are sometimes wanting ; but the whole 
head is surrounded at the base by a number of bracts forming an 
involucre (Fig. 1G3 D c) which gives the inflorescence the appearance 
of being one flower. 

(5) The umhely composed of a large number of flowers witfi long 

? pedicels which 


Vo V together 

J 

i Vo« short axis which 

” commonly ter- 

minates in a 

> f flower (Fig. 163 

Umbelliferoe and 

X. I tlie Ivy. The 

•A \ { bracts ot the 

Fio. 103.— Diagrams of the varieties of racemoao inflorescences, separate pedi- 
4 Spike. B Compound raceme. C Compound umbel ; d rays ; , 

of the umbel; i involucre; dj secondary rays of the umbellulte; CCiS lOrming thd 
ii involucol. D A cai)itnlum ; i involucre ; b flower ; p palem. ril7/$ are uSually 

present in diminished number ; they form an involucre. 

II. Gompnund racemose inflorescences are formed when the lateral 
shoots which bear the flowers as described above are again branched, 
or, in other words, when inflorescences of the typos above enume- 
rated are united to form a larger inflorescence ; for instance, when 
several capitula are arranged on the main axis in the same way as 
the flowers of a raceme. The samo terms are applied to the first 
rajiiilication of the compound inflorescence as to the simple ones 
described above; the above-mentioned example, for instance, is a 
raceme of capitula, and is termed a capitulate raceme. Compound 
inflorescences may be classified as follows : 

(а) Honiogeneouslu compound; in those the branches^of the first* 
and second (or higher) orders are of the same character. 

(б) The compound spike ; in this form many simple spikes are 
arranged on the main axis of the iriflorescenco in the same way as 
the flowers in a simple spike, or, in other words, the main axis of 
tho spike gives rise to secondary spikes instead of to single flowers ; 
e.^., the inflorescence of Wheat, Rye, etc. 

(7) The compound raceme; in this case smaller racemes grow on 
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the main axis of the raceme ; the ramification is in many casiM 
still furiiier repeated in such a way that it is moi'c complex at tho 
bjise of the primary raceme than towards the apex ; e.7., the Grape- 
Vine (Fig. 103 B). 

, (8) The compemnd nmhel (Fig. 163 G). Tliis is far more common 

than a simple umbel, and is in fact usually called an umbel ; the 
separate simple umbels (Fig. 163 G d) are then called urnhdlule.< 
and their respective involucres are {nvoluceh, 

(P) Hetfirofjeneoushj compound inflorescr.nce.'i ; in these the branches 
of the different orders are dissimilar. In coiisoipienee of this so 
many complicated forms arise that it is impossible to eiiiinierato and 
name all the combinations. As examples, the following will only 
be mentioned : the cuplfulntc rancme, which consisls of a number of 
capitula arranged in a raceme ; it occurs in man 3^ of the Composite 
c,g.y Petasites : the spiral g capitnlnin, which consists of several 
spikes forming a capitnlum, as in the Scnrpeie : the spictihi raemne 
which occurs in many Grasses, in which the last branches of a 
compound raceme are spikes. 

B. Gymose inflorescences. The main axis, which terminates in a 
flower, produces below its apex one or a few lateral branches — rarely 
several — which also terminate in flowers, but grow more vigorously 
than the main axis and repeat the same type of i*ainilication. 

I. In the simple cyme the i*amification in tlie secondary and 
higher orders follows the same type. 

(a) Without a pseud-axis (see page 20). 

(9) The cyme : beneath the terminal flower spring several — three 
or more — lateral shoots of equal vigour, e.r/., many Fuphorbiao 
This inflorescence greatly resembles the true umbel, and in fact 
cannot be distinguished from a true umbel ndiich has a termijial 
flower. The identification of an inflorcsccMice as belonging to the 
cymose type depends in many cases on the fact that in the higher 
orders of branching the cymes are reduced to dichasia. 

(10) The dichasium (Figs. 18 and 19 G) consists of only two 
equal lateral shoots arising at the same level below the terminal 
flower, and branching in a similar manner. The successive false 
dichotomies commonly decussate; e.y., Valerianella and the weaker 
inflorescences of many Euphorbia). 

(P) With a pseud- axis. 

(11) The helicoid cyme (bostryx) : the lateral branches of the 
iuccessive ramifications always occur on the same side (Fig. 19 D ) : 
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this is frequently found in Monocotyledons, such as Hemerocallig^ 
Omithogalum, Alstrcomeria. • * 

(12) The scoi'pioid cyme (cicinnus) : in this the lateral branches 
occur alternately on opposite sides (Fig. 19 A and B). 

Decent researches have shown, however, that in many cases (various Solanacere* 
and EoragincaD) the so-called scorpioid cymes are monopodial ; the axis is 
therefore not a pscud axis but a true one, and the inflorescence must he regarded 
as a unilateral raceme. 

II. Compound ajmase inflorescences arise on one hand fiTnii the 
reduction of the ramification in the higher orders, as, for instance, 
when the secondary members of a cyme are not cymes but diebasia • 
these arc dichasial cymes ; they occur in many Euphorbiro : again 
when dicliasia terminate in scorpioid or helicoid cymes. On the 
other hand it sometimes occurs that helicoid cymes are combined to 
form scorpioid cymes, as in Geranium. 

C. Compound racemose ami cymose inflorescences. It may occur 
that a compound inflorescence changes in type in the different 
orders of ramification. Thus the branches of the first order may 
exhibit a racemose arrangement, and those of the second a cymose 
arrangement, as in the dichasial racemes of many Euphorbiie (e.^^., 
E. Esula, atuyydaloldes), in the scorpioid racemes of the Horse- 
chestnut, and in the helicoid capitula of many species of Allium. 
On the other hand the branches of the first order may have a 
cymo.se, and those of the second a racemose arrangement ; for in- 
stance, the helicoid cymes of capitula in Cichorium. 

Finally, tliere are certain terms used in describing inflorescences 
which refer only to the general external appearance rather than to 
the mode of formation of the inflorescence: thus, the pa//? cle is a 
pyramidal inflorescence generally of the racemose type, at least in 
its* first ramification : the corymb is a compound racemose in- 
florescence of which all the ultimate ramifications lie in one plane 
and bear flowers, c./;., many Cruciferm: the amentum (catkin) is a 
simple or compound inflorescence, usually pendulous and elongated,, 
bearing inconspicnous flowers, which falls off entire frte the plant 
when the flowering is over. Of cymose inflorescences there is the 
fascicle, consisting of a number of flowers on pedicels of equal length 
(Sweet William) ; the glomcmle (Nettle and Box) or verticillaster 
(many Labiatro), consisting of a few sessile or shortly pedicillate 
flowers ; and the antliela, which is a compound inflorescence, in 
which the branches of the first order are gradually shorter from 
below upwards (or r^»thQr from without inwards), as in Juncaceao. 
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• Class IX.— MONOCOTYLEDONS. 


The emhrijo has hut one cotyledon; the endosperm is usually abun- 
dant in the ripe seed. 


The embryo is usually 
small in comparison witli 
the mass of endosperm 
(Fig. 164 I e c). The 
axis of the embryo ter- 
minates at the posterior 
end in a very short ra- 
dicle and bears anteriorly 
a sheathing cotyledon 
which is considerably 
larger than the whole of 
the rest of the embryo, 
and which not unfre- 
quently encloses one or 
more of the first minute 
alternating leaves. 

On germination, the 
upper end of the cotyle- 
don commonly remains in 
the seed and absorbs the 
nutritious substances de- 
posited in the endosperm 
(Fig. 164 IL-IV.) ; the 
lower part of the cotyle- 
don elongates and pushes 
the rest of the embryo 
out of the seed. In 
Grasses the cotyledon has 
a peculi^jr shield -like 
form, and is termed the 



Fig. 164.— Germination of Phoenix dactj/li/ero, the Date. I. Transverse section of tiie 
dormant seed. JIT., IV. Different stages of germination (IV. the natural sizo). A Transverse 
section of the seed at x x m IV. B Transverse section of the seedling at a; ]/ : 0 at z z. e The 
homy endosperm; s the sheath of the cotyledon; st its stalk; c its apex developed into an 
organ of absorption which gradually consumes the endosperm and at length occupies its 
place ; w the primary root; w' secondary roots ; 1* b" the leaves which succeed tho cotyledon 
(b") become the first foliago-lcaf ; m B and C its ^Ided lamina is s.cn cut across. (After 
Biicbs.) 
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ncutelliim (Fig. 105 sc) : in 'the ripe seed it almost entirely enolosea 
^Jie embryo, and is in contact by its outer surface with tfie endo- 
sperm ; during germination the cotyledon absorbs the nutritious 
matters contained in the endosperm, while the stem with the other 
leaves grows out of the seed. In other Monocotyledons the coty-, 
l( 3 don is citlier a sheathing scale, or it is the first green leaf, differing 
but little from the folijige-leaves which are subsequently developed. 

The primary root usually remains small and inconspicuous ; ad- 
ventitious roots are developed in succession at higher and higher, 
levels upon the stem. 

The stem of Monocotyledons is traversed longitudinally by scat- 
tered closed fibre- vascular bundles ; it has therefore no growth in 



Fio. 16.5.— Longitudinal section of tlie grain 
of Zed Mais (x about 6): c pericarp; n re- 
inakis of tlio stigma; fs Imso of the grain; 
eg hard .velloNvish part of tho endosperm; 
ew wbitor less dense part of tho endosperm ; 
60 Bcutellum of the embryo; ss its apox; 
e its epidermis; k plumule; w (below) the 
primary root; u'£i its root-sbeath; to (above) 
secondary roots springing from the first inter- 
node of the embryonic stem (st)* (After 
SacliB.) 


thickness by the means of cam- 
bium. In a few genera only, as 
Yucca and Dracsena, it grows 
subsequently in thickness by the 
formation of meristem in the ex- 
ternal layers of the ground- tissue 
from whicdi additional closed 
fibro- vascular bundles are de- 
veloped. 

The axis of the embryo in 
many cases continues to be the 
main axis of tho plant; at first 
it is thin and weak, and since no 
subsequent growth in thick- 
ness of the stem takes place, and 
since the successive portions of 
the stem are thicker and moi’e 
vigorous, the whole stem gradu- 
ally assumes tho appearance of 
an inverted cone, but when the 
plant has reached a certain 
height it may then grow cyliii- 
drically; this is the reason why 
in Palms, in the Maize, and otlier 


similar erect stems, there is a diminution in thickness at the lower 


end. Frequently, however, the primary axis of the plant perislies 


when it has given rise to lateral shoots. 


The arrangement of the leaves is at first alternate: when the 


stem is well developed this alternate arrangement often passes over 
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info complex spiral arrangements, as in i^ritillaria and in Palms, ir* 
which pltinjis a crown of leaves is conspicuous. In the Grasses and 
a 'few other families, the phyllotaxis is permanently alternate. A 
whorlcd arrangement of the foliage- leaves occurs but rarely. 

. The leaves commonly have a distinctly developed sheath but no 
stipules. The lamina is usually entire, simjde in outline, often long 
and n/irrow, linear or ensiform, more rarely orbicuhir, cordate or 
sagittate. Branched leaves occur only in a few of the Aroidoic. 
The pinnate or palmate leaves of the Palms acquire this form by 
the splitting of the originall}" entire lamina, a-nd the same is the 
case with the perforated leaves of many Aroidcje. 

The venation of the leaves is charjicteri/ed by the fact that the 
weaker veins do not usually project on the under surface. In linear 
leaves, and in such as are inserted by a broad base*, the stronger 
veins run almost parallel ; in broader ones, liily of the Valley 
(Govvallana majalift), they descril)0 a curve which is more or less 
parallel to the margin; the weaker veins usually run at right 
angles between the stronger ones. In the Scitamincm and a few 
other plants, a number of parallel transverse veins are given oiT at 
various angles (sometimes very acute, and sometimes nearly right 
angles) from the median vein. Lleticulatc venation of tlio le.aves 
is very unusual ; it occurs in Aroids and in Paris quadrlfolla. 

The flower of Monocotyledons consists typically of five alternating 
and isomcrous whorls, two belonging to the perianth, two tothoan- 
droecium and one to the gynoocium. Tims the typical formula is /vn, 
On, An -I- n, 6rn, where n in most cases = 3, more rarely - 2, 4 or 5. 
The members of the perianth usually resemble each otlier in texture. 

This type is most closely adhered to in the Liliaccm. The fii*st 
departure from it is exhibited in the Jibortion of the inner whorl of 
stamens in the Irideje, and in the inferior jxjsitioii of the ovsfry. 
This latter character occurs also in the Scitamineio and OrchidacecX*, 
which are also characterized by the zygomorphism of their flowers 
.and the considerable reduction of the andrcecium. 

Other various and considerable reductions of the parts of the 
dower occur among the Aroidese, and constant reduction in the 
Glumales and Typliacero. 

In the case of certain water-plants, development appears to have 
been arrested at an early stage. In others, the number of 
the members of the gynoecium and to some extent even of tlio 
andrcBcium is not constant, and the spiral arrangement predomin- 
ates (Alismaceas). 
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Tlie simply organized water-plants may be regarded ix 
cases as reduced forms, as the Lemnacese, while some^secm to be 
representatives of a special type, as the Naiadea). 

The Monocotyledons may be classified as follows : 


Sub-class I. NUDIPLORiB. 
Series i. SPADICIFLOBiE. 
Cohort 1. Potamales. 

Order 1. Naiadile. 

Coh.ort 2. Arales. 

Order 1. Anoimm. 

„ 2. Lemnace.e. 

„ 3. Pandaneac. 

„ 4. CYCLANTHEiE. 

„ 5. Typiiaci-e. 

Cohort 3. Palmales. 

Order 1. Palmai:. 

Series ii. GLUMIFLOK^E. 
Cohort 1. Glumales. 

Order 1. GuAMiNEiE. 

„ 2. Cypehace.®. 

Cohort 2. Restiales. 

Order 1. Eriocaulone.f 
n 2. R£STIACF.iS. 


Sub-classII. PETALOIDE 
Series!. HYPOGYNiE. 
Sub-series. Apocarpee. 
Cohort 1. Alismales. 

Order 1. JuNCAGiNEJfi. 

„ 2. ALISMACEiE. 

„ 3. BUTOMACEiE. 

Sub-series. Syncaipce. 
Cohort 1. Commelynales. 
Order 1. XYRiDEiE, 

„ 2. COMMELYNACEifi. 

Cohort 2. Liliales. 

Order 1. Liliace;e. 

„ 2. JUNCACEAi;. 

„ 3. PONTEDElUACEfl. 

Series ii. EPIGYNiE. 

Cohort 1. Hydrales. 

Order 1. Hydrocharidaceag. 
Cohort 2. Dioscorales. 

Order 1. Dioscore^. 

„ 2. TACCACEAfi. 

„ 3. Bromeliaceas. 

Cohort 3. Amonriales (Scita- 
minese). 

Order 1. Musacej:. 

„ 2. ZlNGIBEPJ^CEiE. 

„ 3. MARANTACEiB (CaN- , 

NAC:^). 

Cohort 4. Orchidales. 

Order 1. Orchidej;. 

Cohort 5. Narcissales. 

Order 1. Iridea?. 

M , *2. AMABYLLIOEiB. 
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• SUB-CLASS I. NUDIFLOR^. 

* Flowers unisexual or hcrmaplirodito : perianth waiitiiifif, or con 
listing of scales : ovary superior. 

SERIES I. SPADICIELORiE. 

Flowers usually in a spike or spadix with a spat lie, sometimes 
solitary: authors usually oxtrorso, or dehiseing by pores 

Cohort 1. Potamales. Order 1. Naiade.e. Perianth 0, or of 
2-4 segments: stamens 1-4: gyncncium api)ear[U)iis, ovaries 1-4. 
with usually a single et-cct or suspended ovule: seed without 
endosperm. W ater-pl an ts. 

lu the genus Naias the flowers arc solitary or in spikes, aiul iiro ditccious : 
perianth 0: male flowers with 1 staincn, fcuiale flowurs with 1 carpel: ovule 
erect. N.JlextUit is the only Rritish species. 

The flowers of Phucagrostis generally resemble those of Naias, but ilio male 
flower has 2 stamens, and the female 2 carpels. This genus is found in the 
Mediterranean. 

In Zostera, the Grass-wrack, the flowers are unisexual, monmeious, and 
without a perianth ; they are borne in two rows on one side of a spadix , 
stamen 1, carpel 1. Zostera marina and nana arc the British species. 

Zosterji and Phucagrostis live in the hrockish water of estuaries ; they are 
remarkable in that their pollen -grains are' flfiforin. 

In Zauichellia, the Horned Pondweed, the flowers are monmeious, and are 
solitary or in spikes; male flower, perianth 0, stamen 1 ; female flower, ])eiiauth 
bell -shaped, carpels 4-6. Z, palustris is the only British species. 

In Ruppia, the Tassel Pondweed, tJie flowers are herm{i|)lirodite, anct tliere are 
generally two on a spike; formula P0,d2, G4, Jl, muritima is the British 
species. 

In Potamogeton, the Pondweed, the flowers, which are honnaphroilite, are in 
spikes; general formula Z^4,d2 + 2, Gx4; the .staimms are inserted on the 
segments of the perianth. This genus is rci)resented i!i Britain by znahy^ 
species: in some (P. pnsillus) the stem hears only Bubmerged leaves whicli are 
narrow and linear; in others the leaves are somewliat broader (P, densus), and 
in others again it bears a few broad leaves which float on the water (P, vatu ns). 

Cohort % Arales. The flowers taro sninll and numerous, the 
inflorescence a spadix or a panicle with thick branches, commonly 
enclosed in a greatly developed spatlic ; the bracteoles of the in- 
dividual flowers are frequently wanting ; perianth 0, or poly[)liyl- 
/ous; the flowers are usually diclinous, but both sexes frequently 
occur in the same inflorescence ; gynoecium apocarpous or syncar- 
[K>us: the seeds have a large ec^osperm: the embryo is straight 
and minute. 
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Order 1. Aroide^. Flo'wers moncecioiis or hermaphrodite : peri- 
anth 0 or of 4 segments : stamens many or definite : ovaiy nni- or 
multilocular : fruit a berry. 

In many of the genera the flowers are complete and conform to 
the monocotylcdonous type, JOi, On, An + n, G (-), where n may 
stand for 3, 2 or 5, as in Acorns (Fig. 166), in which the flowers are 
exactly typical. In other genera, however, the flowers are reduced 
in various ways and degrees; not only does tlie perianth disappear, 
but the numlior of the stamens and carpels is frequently diminished. 
An extreme case is offered by those diclinous flowers of which the 
male consists of only a single stamen, and the female of only one 
rnonomerous ovary. These much reduced flowers are disposed in 


Fio. 100.— Flower of 
Auoi'us Calamus (ma?.): 
a outer, t innor peri- 
anth; st stamens; / 
ovary. 




Fig. 107.— Simdix of Arum macula- 


turn (nnt. size): f female ; a malo; 


and h rndimentary flowcivB; c the 


regular order on the spadix ; thus in 
Arum (Fig. 167) the numerous female 
flowers, consisting each of one carpel 
(Fig. 167/), are inserted on the base 
of the spadix, and the male flowers, 
cacli consisting merely of a few sta- 
mens, are closely packed higlier up 
on it (Fig. 167 a). The upper part 
of the spadix is covered with rudi- 
mentary flowers (hf c). When, as in 
this case, the perianth of the true 
flowers is wholly wanting, the whole 
inflorescence may assunio tlio aspect 
of a single flower ; but irrespectively 
of the numerous intermediate forms 
which are to be found, such a view is 
untenable when it is borne in mind 


«,.porclub.shaiede„dottbo.padi*. invariably 


situated below the stamens, while in a flower they are invariably 


above them. 


The stem may be underground, a tuber, or a rhizome, or it may 
be aerial ; in the latter case it often climbs, clinging jto trees by 
means of aerial roots, The leaves are either alternate and dis- 
tichous or, more often, spiral with a divergence of |. They are 
rarely narrow, linear, or enisform, and commonly consist of sheath, 
petiole, and blade ; the venation is reticulated, and the leaf often 
exhibits a more or less complicated segmentation. 


Sub-order 1. Orontea. Flowers usually hermaphrodite and with a perianth. 
Acorm Calamus ^ the Sweet Flag, originally a native of Asia, is found oepa- 
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sionally in ponds and ditches in Britain. Tlie underground rhizome bears long 
eiisiform leaves and a triangular scape bearing a terminal spadix which, how- 
ftver, is pusheil on one side by the spathe which is long and narrow, and appetirs 
as’ a prolongation of the stalk. The spadix is closely covered with perfect 
flowers (Fig. 166). 

• Sub-order 2. AaEiE. Flowers diclinous and without a perianth. 

Arum viaciilatum^ the Cuckoo-pint or Lords-and-Ladies, is common in woods 
and hedge-rows ; the largo green spathe completely envelopes the spadix (Fig. 167). 
Richardia ethiopica is a cultivated plant w^ell known under the name of Calla 
or Colocasia ; it has a largo white funnel-shaped spathe. The si)ecies of Philo- 
dendron have climbing stems and large leaves which are freciuently perforated. 

Pistia Stratiotes, a tropical water-plant, is characterized by having the flowers 
on the spadix reduced to two, one male flower, and one female flower consisting 
of a single carpel; the spadix and spathe are adherent. It appears highly 
probable that the Lemnacea\ mentioned below, are in fact very simple forms 
of this family. 


Order 2. Lemnacej;. Stem leafless. Eaeh inflorescence consists 
two male flowers and one female flower borne on a lateral pro- 
minence of the stem : the male flowers consist of a single stamen, 
and the female flower of one carpel. 


Lemna trisulca^ pnlyrhiza^ miner and tjiUha^ aro known as Duck-weed ; they 
are common in tanks and ponds, floating on the water. The stem, which is 
leafless, is almost flat, resembling a thallus : it bears 
two rows of branches (Fig. 168), as also roots on its 
under surface which are suspended in the water. Hoots 
are, however, absent in Wolffia arrhizu^ which is also 
devoid of flbro-vascular bundles: its flower has no 
spathe, and it hoars only one row of branches : it is 
the smallest known flowering plant. 

Order 3. Pandaneai;. Flowers dicecious, 
perianth 0 ; the female flowers each consist of 

^ , Fio. ICS.— rart of a plant 

a single carpel ; they^ are closely crowded on of triuuira, scon 

the spadix, which becomes a spurious fruit; joung lateral 

- _ „ - ^ braiichcB (nut. size). 

the male flowers liave numerous stamens. 



• Pandanm utilis, the Screw-Pine, and other species, form thickets in tlie 
tropics, particflilarly on the banks of rivers. The straight woody stems, which 
subsequently branch, give off numerous strong roots which attach them to the 
soil, and bear crowns of large narrow linear leaves, the margins of wliich are 
frequently set with sharp spinous teeth. The tough flbro-vascular bundles are 
used for the manufacture of fabrics. 

Order 4. CYCLANTHEiE. Plants of a palm-like habit in Southern 
and Central America ; the flowers, which usually have a perianth, 
aro disposed on the spadix in regular spirals : they arc monoecious. 
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The loaves of CarUulovica palmata are applied to various purposts, 
Panama hats are woven of them. 


* 


Order 5. Tvi'iiACEiB. Flowers moncecioiis, the perianth repre- 
sented only by scales or hairs. Stamens 1-6. Ovary monomerons 
containing one ovule. Inflorescence a spadix, without ^ spathe, 
elongated or compact. 


In Spargfiuium, the Bur-recd, the inflorescences are spherical spikes which 
are borne terminally and laterally in two rows on the upper part of the stem. 
The lower spikes hear only female and the upper only male flowers ; the perianth 
consists of scales ; stamens 2-3, free. Sparganium dmplex and ramosum are 
not rare in ditches. 

Typha, the Ilood-mace or Bulrush, hears its flowers on a long terminal spadix ; 
the male flowers arc borne at tlic upper and thinner portion directly on the main 
axis ; on the lower and thicker })ortion are borne the female flowers, which grow 
partly on the main axis and partly on very short lateral shoots ; the perianth is 
replaced by long hairs ; stamens 3, monadelpbous. Typha angiutifolia and 
hitifolia occur in bogs and wot places. 


Cohorts. Pal males. Order 1. Palm.®. The flowers are dioecious 
or monojcious, rarely hermaphrodite or polygamous, and they 
generally conform to the type JC3, 03, -43 + 3, 
0--^: in rare instances a larger or a smaller 
number of stamens are present: anthers some- 
times introrse: carpels, in rare cases, only two 
or one : ovary monomerous, or polynierous with 
from one to three loculi. The flowers are in- 
serted witli or without bracteoles on a spadix or 
on the thick axis of a spicato or paniculate in- 
florcsccnco (Fig. 169). 

Their mode of growth is somewhat various. 
Most Palms bear their leaves cloScly arranged 
feSlue Z>iefo“of “cha! a, crown at the top of a taU or of a quite short 

mroaorea: s tho thick stem, which is clotlied for some distance below 
* 1 external ; remains of tho older withered 

Of tho perianth; /ovary leaves. But in Bome goncra, e.f/., Calamus, the 
stems creep or climb and the leaves inserted 
at some distance fi’oin each other. The blade of the leaf Cv.mmonly 
splits ill the course of its growth, assuming a palmate or pinnate 
form. 

Palms chiefly inhabit the tropics, particularly the Moluccas, 
Brazil, and tho region of the Orinoco. 

PhoBniz dactylifera (the Date Palm), a native of Asia and Africa, has pin- 
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nntind leaves. Of the three ovaries, one only developes to form the fruit which 
is known as the date ; the stone of the date consists of a very thin testa enclosing 
the large niass of endosperm in which the embryo is imbedded. Cocos nueifera 
(the Cocoa-nut Palm) lias, as is well known, many uses. The fruit itself is a 
gigantic drupaceous fruit ; the mesocarp is traversed by an immense number of 
hbro-vascular bundles, which are used to make ropes, etc. Inside the exces- 
sively hari wall of the fruit itself, the cudocarp, lies a single largo seed. Whon 
the fruit is mature, the endosperm forms a layer only a few millimetres in thick- 
ness, which lines the hard shell ; the rest of the space is lilled with fluid, known 
as cocoa-nut milk. The embryo, which is small, is imbedded in tho firm tissue 
of the endosperm, under tho spot where there is a hole in tho endocarp. Sayw 
Ilumphii, belonging to tho Moluccas, yields Sago, which is in fact the starchy 
parenchyma of tho stem. Elais gnineensU is the Oil-lhxlm of West Africa ; 
the mesocarp of tiio plum-like fruit yields the oil. The stems of various species 
of Calamus constitute tho so-called Spanish cane. The largo and very hard 
endosperm, with much -thickened cell-membranes, ol PhgU lephas mncrocarpa, is 
used in turnery, and is known as vegetable ivory. Chumarops humilU, tho Pan- 
Palm, is found in Southern Europe and Northern Africa. Lioistomi nmtralis is 
frequently cultivated for the sake of its graceful, fan-like, palmatifld leaves. 


SERIES II. GLUMIFLOUiE. 


Flowers hermaphrodite or unisexual, usually in heads or spikclets 
invested by imbricate bracts or glumes : ovary uni- or multilocular, 
with one ovule in tlie loculus: seeds with endosperm. 


Cohort 1. Glumales. Ovary unilocular*, ovule erect. 


Order 1. Gramine®. True Gnasscs. The loaves are alternate 
on the stem, wliicli is known as the liaiilm ; tho embryo lies on the 
side of the endosperm (Fig. 1G5). The usually hermaphrodite flowers 
are referable to the formula KO, G2,A3 + 0, they are enclosed 
by bracts here ^ 

termed jpalecB, -5 ^ ^ ^ 

and are arranged 
in complicated 
inflorescences; 
the * perianth - 
leaves assume 
the form ' of 
small scales 
termed lodicules ; 

grain is the fruit, a caryopsis, to which the two paleee sometimes 




Fio. 170.— Diagrams of Grass-flowers. A Bambusa. B Common 
ty])e of Gramiiieffi. 

the unilocular ovary contains only one ovule ; the 


adhere, e.p., Barley and Oats. 

A flower of this composition is sessile in the axil of a bract, which 
15 termed the inferior or outer palea (Fig. 171 and there is 
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also a bracfceole beneath the perianth which is termed the superior 
or inner jjalea. The two paleaa completely enclose tlyj flower. 
Usnally two or more flowers which are thus enclosed by the paleae 
are present on an axis (Fig. 171 a;), and constitute the spikelet of 
the Grass, and beneatli tlie lowest flower there are usually two 
more bracts which bear small sterile flowers in their axils and which 
are known as the ijlumes (Fig, 171 g). Thus a spikelet consists of 
an axis bearing two rows of bracts of which the two first and lowest 
are barren, while the succeeding ones bear each a flower in its axil, 
and beiiofith each flower there is also a bractcole or palea belonging 
to the floral axis itself. The inferior paleco often have, either at 
the apex or else borne on the midrib, a spinous process called the 
iuisla or awn (Fig. 171 gr). 



The number of flowers in each 
spikelet varies according to tlie 
genus; often there is but one, the 
lowest, with rudiments of others 
above it; if, however, only one of 
the upper flowers is developed, so 
that the lower palcjm bear no flowers 
in their axils, they are regarded as 
glumes, several being therefore pre- 
sent in such a case. The spikelets 
themselves are in many genera, !e.y., 
Rye and Wheat (Fig. 172 R), ar- 
ranged in two rows on a main axis ; 
the inflorescence may then be de- 
signated a spike ; in most of the 
other genera the main axis of the 
inflorescence bears lateral branches 
vvhich are slender, of various length, and often branched again, and 
which boar the terminal spikelets ; in this \vay a panicle is formed, 
as in the Oat (Fig. 172 il). This may be either loose and spread- 
ing, with long lateral branches (Fig. 172 .^1), or compressed, with 
very short branches, e.g.^ Alopecurus. 

The stem is usually tall and the long internodes are hollow ; the 
slieath of the leaf is largely developed and frequently extends over 
several internodcs. A membranous ligula is often found at flie 
junction of sheath and lamina (Fig. 8 A). 

The Grasses are classified as follows: 


Fio. 171.--A spikelet of Wheat dis- 
-sectod (mag.) ; x axis of the spikelet ; 
q glumes; 1), 6, the inferior pnleje 
bearing (jr) the awn. If, If, the 
dowers raised from the axis out of the 
axils of tho superior paloaa, })«; a an- 
thers; /ovaries. 
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fiab-order 1. Clxbanthea. Spikelets closed in flower: styles or stigmas 
long, protruding beyond tho apex of the inferior palea. 

Tribe t, ^unicea. Spikelets dorsally compressed, 1-flowered: glumes 3, of 
Ahich the lowest is tho smallest. 

Panicum glabrum (Digitaria huniifusa), P. {Echinochloa) Crus-galUt and P. 
{Setaria) viridis occur occasionally on cultivated laud. 

Tribe 6. PUalaridea, Spikelets laterally compressed, 1-flowered : glumes 4 
the inner pair being smaller. Phalaris arandinacca^ tho Heed-grass, is commit n 
on the banks of streams, etc. : a variety v/ith white-streaked leaves is cultivated 
in gardens. Anthoxanthum odoratiim, Vernal Grass, which has only two stamens 
and a paniculate inflorescence, is common in meadows : it gives the peculiar 
odour to fresh hay. 


Tribe 3. Andropogonece. Flowers 
monoecious or polygamous : glumes 
3, of which the lowest is the largest. 
Zea MaiSf the Maize Plant, is cul- 
tivated in warm countries : its 
flowers are monoecious: the male 
flowers form a loose panicle at . the 
apex of the haulm, and the feinalo 
flowers are borne laterally on a 
tliick spadix, which is eiisheathcd 
by leaves. Saccharum oj/iciuaruni, 
the Sugar-cane, is a native of the 
East Indies. 

Tribe 4. Chhmdfa, Spikelets 
laterally compressed, usually 1- 
flowered, in compound spikes : 
glumes 2. Cyjwdon DactyUm^ 
the Dog's-tooth-grass, is often 
abundant on waste ground. ^S'par- 
tina stricta occurs in salt marshes. 

Tribe 5. PhleinecB. Spikelets 
laterally compressed, l-flowcred,in 



A El 

PiG. 173.--^ Panicle of Oat, Avena saliva : 


dense panicles: glumes 2. s main axis; s' lateral axcR; a spikclet nut. 


Alopecurus, tlie Fox-tail-grass, Spike of Wheat; s axis; » tho depreaSlona 

has tho glumes coherent at the "““ved 

, , 1. ^ , at tho !ower part, 

base, and one rudimentary paloa. 


Phleum, the Cat’s-tail-grass, has free glumes and two distinct paleis. 


Tribe 6. Sesleriea. Spikelets laterally compressed, 2-flowered or more, in 
dense panicld^ : glumes 2. Sesleria carulea^ the Moor-grass, occurs on moun- 


tains. 

Tribe 7. Nardea, Spikelets 1-flowered, in simple spikes : glumes 0. 

Nardus stricta^ the common Mat-grass, occurs on moors and heaths. 
Sub-order 2. Eubyantheas. Spikelets open in flower ; stylos short, stigmas 
protruding near the base of the inferior palea. 

Tribe 1. Oryzece. Spikes laterally compressed, usually 1-flowered : glumes 4, 
often represented only by bristles. Oryza tativa is the liice-plont— from the 
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Bast Indi&s ; cultivated in marshy regions of Southern Europe. Leertia ory* 
toides, the Out-grass, is found in ditches in the south of England. 

Tribe 2. Stipea. Spikelets 1-flowered, cylindrical or flattened, pSsteriorly : 
in panicles: glumes 2. Stipa pennuta^ the Feather-grass, has a long airy awn. 
Milium effusnm, without an awu, is common in woods. 

Tribe 3. Agrostidea. Spikelets 1-flowered, compressed laterally, in loose 
panicles : glumes 2. 

In Agrostis, the Bent-grass, the axis of the spikelet is glabrous, oi it bears 
short hairs; A, vulgaris and stolonifera are common in meadows and woods: 
Apera Spica venti is common in fields: in Calamagrostis, the Small reed, 
several species of which occur on the banks of rivers and woods, the axis of the 
spikelet is covered with long hairs. 

Tribe 4. Avenea, The spikelets consist of several (usually two) flowers ; the 
glumes (or one of them at least) are as long as the whole spikelet. 

Avena, the Oat, has loose panicles, and a two- toothed inferior palea: of this 
genus there are many species; A. fatua, pratensis and puhescens^ are common 
in cornfields and meadows. The following species are cultivated: A. saliva^ 
with its panicles in various planes; A. orientalise with its panicles in one plane; 
A. strigosa, with a hairy floral axis; and A. nuda, the spikelets of which usually 
consist of three flowers. Aira caspitosa and Jlexuosa have truncate inferior 
paleffi, and are common in meadows and woods. IIolcus, the Honey-grass, has 
spikelets consisting of two fiowers, tho upper of which is usually male, and the 
leaf-sheaths are covered with silky hairs ; it is common in damp meadows. 

Tribe 5. Festace<s» The spikelets are usually many-flowered, and tho glumes 
shorter than the lowest inferior palea. Melica, the Melic-grass, has sometimes 
spikelets consisting of a single flower only ; the glumes are long ; it is common 
in woods. Briza, the Quaking-grass, has spikelets which are compressed laterally 
and are cordate at the base ; it is common in meadows. Koeleria cristata has 
dense panicles ; it is common in dry meadows. Dactglis glomerata, tho Cook’s- 
foot-grass, has dense panicles divided into parts which have longer stalks ; it is 
common in meadows. Foa pratensis, trivialis, etc., are common in meadows; 
their spikelets are compressed laterally; the glumes have a sharp keel; P. 
annua is common by the roadside. Festuca elatior, and others, the Fescue 
Grasses, are common in meadows. Bromus, of which there are several species, 
is common in fields {li. sccalinus), in meadows (B. mollis and others), by the 
roadside (B. sterilis, tectorum). Molinia cmrulea has a very long haiilm, con- 
sisting for the most part of a single internode ; its spikelets are in loose purplish 
panicles ; it occurs on moors. In Fhragmites the axis of tho sp:kclet is covered 
with long silky hairs : Fhragmites communis, the Beed, occurs abundantly in 
marshes. 

The upper flowers in the spikelets of plants belonging to this IfKbe are oftea 
unisexual, male ; Phragmites is peculiar in that the lower flower of the spikelet 
is male. 

Tribe 6 . Hordeea, Spikelets solitary, or 2 or 3 together, 1- or many-flowered, 
situated in depressions on tho main floral axis, forming the so-called spike : 
glumes 1- 2. In Lolium, the Bye-grass (£r. perenne is common everywhere), the 
posterior surface (that is, the middle line of the posterior glume) is directed 
towards the main axis, and this glume is usually rudimentary. In all the other 
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gsjiorh the eiile of the spihclet is directed towards the main avis, and there are 
two glumes. Secale eereaU^ the Rye, has 2-flowcrcd spikelets and narrow awl- 
shaped giuiaes. Triticum, the Wheat, has S- or more flowered spikelets, with 
ovate glumes; T» repens, the Twitch, is common everywhere; its spreading 
rhizome makes it a trouhlosome weed. The following species are cultivated; 

^ T, vulgare, the common Wheat, with long glumes, which have no keel, and T. 
turgidum, English Wheat, with short keeled glumes ; both those forms have a 
wiry floral axis, and the fruit easily falls out of the glumes; T. Spelta, tin; 
Spelt, which has an almost (luadraiigular spike, and 2'. dicoccum, with a com- 
pact spike, have a brittle floral axis, and the fruit is firmly enclosed by the 
glumes. In all the species the length of the awn varies veuy miudi. Brnchy- 
podium has shortly-s talked spikelets, and its two- glumes diiTor much in length : 
it is thus distinguished from Triticum. Ilordcum, the Barle^^ has 3 single- 
flowered spikelets inserted together in one depression on the llonil axis. II. 
murinum is common on the roadside and on walls. Tlie following species are 
cultivated; II. viilgare and II. hexastichumy with only fertile spikelets; in the 
latter species the spikelets arc all etpially distant, and are therefore arranged iv 
six rows ; in the former species the median spikelets are nearer together, and 
the lateral ones more distant, so that they are described as being in four rows : 
further, II. distichum is the two-rowed Barley, the lateral spikelets of which 
are male, so that the fruits ere arranged in two rows. The fruit usual ly adheres 
to the palca 


Order 2. Oyperack.e. The leaves are arranj^^od in throe rowH 
on the stem ; perianth 0, or of 3-6 or more bristles or sealos ; tin* 
embryo is enclosed in the endosperm. 


Tribe 1. Cyperece. Spikelets compressed: flowers hermai)lirodito ; perianth 0, 
or of bristles : glumes distichous. 

Cyperus, the Galingale, has many-flowered spikelets with deciduous glumes : 
Schcenus, the Bog-rush, has few-flowered (1-4) spikelets with persistent glumes. 
C. longiis and fuscus, and S. nigricans, occur in England. Cyperus Papyrus is 
an Egyptian species from which the Papyrus of the ancients was made. 

Tribe 2. Scirpece. Spikedets cylindrical ; flowers hermaphrodite ; perianth 0, 


or of bristles: glumes imbricate on 
all sides. 

The spikelets are often arranged so 
as to form spikes, panicles, umbels, 
or capitula; tbe flower has the for- 
mula ^r3, C3, .13 -h 0 or 3, 0(11 

Scirpus, the Club-rush, has a bristly 
perianth ; in some species the spike- 
lets are solitary, as in Scirpus ccB^pU 
tosus, in others there are lateral 
spikelets in addition on short stalks, 
as in S. lacustris (the true Bulrush), or 
on long stalks, as in S. sylvaticus, 
(Cotton-grass) are common on moors ; 
ing, grow to a considerable^ length. 



Fig. 173.— Flower of Scirpus (masniflefl) : 
p tbe bristly perianth ; a the three stamens ; 
/the ovary. £ Its floral diagram. 


Eriophorum polystacliion and otliors 
thd hairs of the perianth, after flower- 
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Tribe 3. Caricca. Spikeletff cylindrical ; flowers unisexual ; perianth 0. , 
The Caiiceas have diclino as flowers with this peculiarity, that the^ male and 
female flowers differ in their structure. The male flowers have the formula KO, 
CO, + 0, GO ; they are situated in the axils of bracts (glumes) (Fig. 174 B and 
D) and form simple spikes. The female flowers have the formula A'O, CO, 
dO + 0, 0(1* or and are not sessile in the axils of the bracts (glumes) (b in, 
B'ig. 174 A and C), but a short branch springs from the axil of each of these 
leaves bearing a single bracteolo (« in Fig 174) and it is in tlie axil of thia 
bractcole that the female flower, which consists of a trimerous or more rarely 
dimerous ovary, is situated. The bracteole (s in Fig. 174 A and C) increases 
greatly and invests the fruit, forming the so-called utricalus : this structure is 
often regarded as a perianth, and is termed the perifjijnium. In Elyna and 
Kobresia the bracteole is not tubular, and therefore does not completely invest 
the ovary. 

The Genus Carex, the Sedge, contains numerous species which grow mostly 
in damp localities ; they have stiff leaves with sharp or saw-liko edges, but only 



(gliniic) ; s bracteole ; /ovary ; n stigma. 


B Male llowor: st tbe three 6tamon.s; 


a few of them are diu’cious : in most the 
male and female inflorescences occur on 
the same axis. In one large section of 
them the two sexes occur Jii the same spike 
which is either male at the base and 
female at the top, or vica vend, WJien 
this is the case the axis bears either only 
one tcrnhn.al spike, as in Carex pulicarh 
and G, paticijloraf or several spikes forming 
a capitulum at the apex, as in c\ pseuda- 
cypenwj or a spike or a panicle, as in C. 
muricata and paniciiUita, In the second 
section, on the other hand, each spike is 
unisexual, and then the male spike is 
almost always terminal on the axis and 
the female lateral, as in Carex acuta 


a aiitbors. C Din-gram of tho I'emalo glaiica, pracox^ digitata^ /Zara, and pulu- 
and (D) of the male llowcr: r axia of 
the apiko ; b bract ; 8 bracteole. 


Cohort 2. Restiales. Ovary ol'ten multilocular ; ovule ortho- 
tropous and suspended ; hence in the seed the radicle of the embryo 
IS directed away from .the hilum (enantlohlastic). Flowers unisexual, 
rarely licrmaplirod it 0 , witli bracts: floral formula iC3,*(73, .43 + 3, 
*V(3), but occasionally some of the members are wanting. 

Order 1. Eriocaulonea\ Flowers unisexual, in capitula, often 
monceeious in tho same capitulum, or rarely dioecious : stamens 
generally in two whorls, anthers generally bilocular : seed ribbed. 

Eriocaulon septangulare^ the Pipewort, occurs in the Hebrides and on thf 
west coast of Ireland. 
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•Order 2. Resttace.®. Flowers iisiiafly unisexual, dicxjcions, and 
in spikerf: jiot more than one whorl of stamens is present, anthers 
generally unilocular : seed smooth or tubcrclcd. 

These are grass-like plants all living in the southern hemisphere. This order 
. includes Ahe group Controlepidca) (l)esvauxiacca3 Lindl .) ; in these the perianth 
is much reduced, the male Dower probably has only one stniucn, and the female 
only one carpel. 


SUB-CLASS 11. PETALOIDFiE. 

Flowers liormaphroditc. rarely nni.sexual ; poiaanth never wanting, 
usually biseriate, the members of at least one sc*rios usually 
petal oid. 

SERIES I. ITYrOGYN/E. 

Ovary su|>erior. 

Siih-soA'ies, Aiwcarpai. 

Gynoccium usually apocarpous. 

Cohort 1. Alismales. Marsh or water plants; flowers botiic* 
times unisexual ; seeds without endosperm. 

Order 1. Juncagineao. Flowers sometimes dioecious ; both peri- 
anth-whorls are sepaloid and inconspicuous; anthers extrorse; 
carpels sometimes cohorent ; the outer whorl of car[)els is occasion- 
ally abortive ; ovules 1-2, anatropous, embryo straight. 

Tri(ih>chin paJustre, the Arrow-grass, is common in marshes and on the 
margin of pools: carpels coherent till mature. The Dowers are disposed Bi)irally 
in a long loose spike without bracts. Schenchznia palmtris is rarer ; it occurs 
in bogs ; the flowers are set in the axils of distichous bracts : carpels free. 



Fin, 175.— Blai'rum of the Flower of Fig. Floral diagrarnR. A Of 

Triglochin. Butomus. B Of Alisma. 

Order 2. Altsmaceji. Flowers sometimes monoecious; floral 
fi^rmula JC3, 6^3, AS® + 0 or 3, or oo, (73 + 3 or oo ; the outer perianth- 
whorl, which is sepaloid, is often coherent at the base ; the inner 
whorl is petaloid, white or violet ; anthers extrorse or introrse ; 
carpels sometimes partially coherent ; ovules 1-3, campy lotropoiis, 
embryo curved. 
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Alisma Plantago (Water Plantain, Fig. 176 2?), has the floral formula ITS, I?3, 
/I3‘ ; the numerous, monomcrous, one-seeded ovaries are crowded on/^he broad 
receptacle. The main axis of the inflorescence bears whorls of branches which 
have a helicoid ramification. It is rather common in damp spots. 

Sayittaria sayittcefolia (the Arrowhead), with the floral formula /fS, C3, ^ 

A CO, 9 0^,13 monoecious. The flowers are disposed in trimerous whorls, the • 
male in tlie u])pcr and the female in the lower whorls. The anthers arc extrorse. 
The ovaries, which are very numerous and one-seeded, are inserted on a fleshy 
receptacle. Only the sagittate leaves and the inflorescence appear above the 
water. 


Order 3. liuTOMACic^i. Flowers never unisexual ; general floral 
formula the same as in Allsmaceo) ; the inner whorl of the perianth 

is petaloid; anthers in- 
trorse ; carpels distinct ; 
ovules numerous, with 
s n perficial pi acentation ; 
embryo curved. 

Butomus umhellatus is the 
Flowering Rush (Figs. 176 A , 
177). The flowers, which 
have violet petals, have the 
following formula: 2^3, C3, 
^334-3, they. are ar- 

ranged in an umbellate heli- 
coid cyme at the apex of the 
scape, which is about 3 feet 
high ; this and the leaves, 
which arc of about the same 
lengtli, spring from an under- 



Fio. 177.— Butomus umhellatus, 
li Gynuecium (mag.); n stigmas. 


A Flower (nat. size). 

I Diagram : p p peri- 
anth; / stamens of the outer whorl reduplicate: // 
stamens of the inner whorl ; c outer, and 0 ' inner whorl ground rhizome. The ovules, 
of carpels. (After Sachs.) which are numerous, are 

borne on the inner surface of the carpels (Fig. 148 G). 

In the genus Limnocharis the stamens and carpels are indefinite. 


Suh-series, Syncarpas. 

. GynoDcium syncarpous. 

Cohort 1. Commelynales. The inner whorl of this perianth is 
petaloid ; seeds with endosperm. 

Order 1. Xyride.®. Herbaceous sedge-like plants ; floral for- 
mula X3, (73, il3 + 0, 0^^; anthers extrorse; ovary usually uni- 
locular, with parietal placentation. 

These plants inhabit swamps in tropical or sub-tropical regiens. 

Order 2. Gommelynaceje. Herbaceous plants; general floral 
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foriimla K3, 03, AS + 3, G-^^, but the ntimbcr of stamens varies in 
the genera ; anthers usually iutrorse ; ovary usually trilocular. 

' These are mostly tropical plants. Species of Commclyna and Tradcscaiitia 
are cultivated as ornamental plants. 

Cohc?rt 2. Liliales. The calyx and corolla resemble each other 
ill texture, and are usually pctaloid ; seeds with eiulosperin ; general 
floral formula KS, 03, ^3 + 3, 

Order 1. LirjTACEiE. The flowers conform generally to the above 
formula, but 3 is replaced sometimes by 2 or 4 : they are not 
zygomorphic ; fruit a capsule or a berry. 

Sub-order 1. Lilie;is, with a loculicidal capsule, introrse anthers, and united 
styles. 

In a number of genera the six segments of the 
perianth coliere and form a tube which ends in six 
moro or less deeply cut segments (Fig. 178) : r;.//., 

Ilyaeinthu8 orienialis, the stem of wliich is an unilcr- 
ground bulb (Fig. 14 Z>). Aloe has thick fleshy leaves ; 
some species, as Aloe soccotrina, have a strong woody 
stem, and are shrubs, or almost trees. 

There are also some among the very numerous 

genera in which the leaves of the perianth are distinct „ . ,, ,, 

Hyacinth: a a a tho throo 

or cohere only for a very short distance from the base, onten i i i the three inner 
which are of an aborescent habit ; for instance, the BogmentB of tho perianth, 
species of Yucca, which are indigenous to Central which is tubular at tlie 
America. The others have underground rhizomes or l^^orpart (nat. size), 
bulbs. These bulbs (see § 5 and Fig 14 B) are, in fact, very short stems, covered 
with closely -packed cataphyllary leaves which arc usually termed scales: so 
long as they are young, and not very vigorous, they send up only foliage leaves, 
which appear, year by vear, above the ground ; but in tho course of years the 
axis itself of the bulb elongates and bears a terminal inflorescence. After the 
flowering is over, this axis dies down, and a lateral shoot is formed in tho axil 
of one of the scales which may either become a new bulb, or it may at. once 
develope into a flowering axis, the lowest cataphyllary leaves of which are bulb- 
scales. Pkormium tenax (tho New Zealand Flax) lias ensiform leaves, about 
three feet in length, springing from the rhizome ; their strong bast-iibrea are 
used for various purposes. Liliuni candidum is tho white Lily. L. bulhiferum^ 
which produces bulbils in the axils of the upper leaves, and L. MartagoTif the 
Turk's cap Lily, have bulbs. FritiUaria imperialis is the Crown Imperial, tlio 
flowers of which are surmounted by a crown of leaves. Tulipa Gesneriaua is 
the Tulip. Scilla maritima has a bulb which is not subterranean. Of Allium, 
several species are in cultivation for culinary purposes, as A, Cepa, the Onion , 
A. ascalonicum, the Shalot ; A. Schoenoprasum, Chives ; A. porrum, the common 
Leek ; A. sativum. Garlic. The leaves of the various species of Allium are gene- 
rally tubular and hollow; the flowers are disposed in spherical heads or umbels; 
Julbile are occasionally produetd among tho floweis. 
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Sub-ordor 2. MELANTnis^ oi' Cqlcbicfje, witli a septicidal capsule, nsaally 
extrorse anthers, and separate styles. ^ 

Tofieldia pahistris has ensiform radical leaves ; the flowers, whi6h are pale 
green, are disposed in a raceme on a scape ; it occurs in the north of Euglandl 



PiQ. ITO.—Tlie uii(1er"rounil part of a flowering plant of Colclikim auliimnale. A Seen in 
front i U the corm ; s' s" cataphjllary loaves embracing the flower-stalk ; wit its base, from 
which proceed the roots, w. B Longitudinal section : ft 7t a brown membrane which en- 
velops nil the underground parts of the plant; at the flower and leaf-stalk of the previous 
year which has died clown, its swollen basal portion (ft) only remaining as a reservoir of food- 
materials for the new plant now in flower. Tlie new plant is a lateral shoot from the base 
, of the corm (ft), consisting of the axis, from the base of which proceed the roots (w), and the 
middle part of which (ft') swells up in the next year into a corm, the old corm (ft) disappear- 
ing ; the axis bears the sheath-leaves (s s' s^O and the foliage-leaves (P I") ; the flowers {h V) 
are placed in the axils of the uppermost fuliage-Icavcs, the axis itself terminating amongst 
the flowers. (After Sachs.) 

in wet places on mountains, but it is rare. Veratrum album and nt^rum have 
broad ovate leaves. Colchiciim autumnale is the Autumn Orocus : when it is 
Aowei'iiiR in the autumn, the stem is underground; it is at this time short and 
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blonder 'Fig. 179 k'), attached laterally lo thecolin of the previous year’s growth 
(/c), and ^^pars a few imperfectly developed leaves (V I") as well as one or two 
(lowers (6' h '*) : the ovaries of the flowers are also subterranean ; the six leaves 
')! the perianth cohere and form a tube of some centimetres in length, which 
grows far beyond the ovaries and above the surface of the soil, terminating in a 
, petaloid gix-partite limb ; the stamens are attached in the upper portion of the 
tube. In the spring the underground stem swells at its base (A') into a corm, 
and grows upwards, so that the devolMping leaves (/' I") and the capsule rise 
above ground ; a lateral shoot is formed at its base, which, in the autumn, 
produces flowers, and this repeats the process. 

Sub-order 3. Aspauagine.e. The fruit is a berry ; anthers iiitrorse ; styles 
united or distinct ; in the flower the parts are sometimes in twos or fo'irs, 
instead of in tlirees. 

Draccena Braco^ the Dragon-tree, has a stem whicdi grows in thickness ; it is 
a native of the Canary Isles. A'tpdrai/ns ojjicinalis is the Asparagus ; the young 
shoots, which spring from the under- 
ground rhizome, are eaten. Convallaria 
ninjalis is the Ijily of the Valley. Mai- 
finthemum hifolkm has a dimerous flower. 

The species of Smilax arc creeping shrubs, 
the leaves of which have reticulated vena- 
tion. JlufCHit aculeatm (the Butcher’s 
Broom), and other species, are small 
shrubs, with leaf-life briiuchcs (phyllo- 
clades), on which the diclinous flowers 
are borne in the axils of minute leaves. 

Paris qnadrifolia (Herb Paris) is poison- 
ous : the flowers arc tetramcrous, or 
exceptionally trimerous or pcntamcrous ; iSO.-Diasrnm of tho flower of 

they are terminal, and the stem beneath Paris quadrifoUa : l tiio foiiugo-lcaves; ap 
bears four (or three or five) leaves in a outer; ip the inner whorl of the peri- 
whorl beneath the flower (Fig. 180); the anOi; aa outer, ia inner whorl of Mtamcn.. 

, , . \ ' (After Sachs.) 

venation of the leaves is reticulate. 

Order 2. JuNCACKiE. Floral formula, 7^3, C3, Ali + 3, 
Plants of a grass-like aspect; they differ from the preceding order 
in the dry and glnraaceous character of tho perianth. Tho leaves 
are linear or tubular ; the inflorescence is an anthcla (see p. 214). 

The specie^of Luzula, which has a unilocular three-seeded ovary, multiflora, 
pilosa^ campestris^ and sylvatica, are common in woods and on heaths. Juneu^ 
has a trilocular many-seeded ovary ; plants of this genus are called Bushes ; 
J. gJaucus and effusus have a tubular stem and leaves, and a terminal in- 
florescence which is displaced laterally by a tubular bract which appears to be 
a prolongation of the stem ; they are common in wet fields ; J, bufonius, by 
waysides. 

Order 3. Pontederiace^. Water-plants of tropical America, 
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with a zygomorphic petaloid perianth: in other respects they 
resemble the Liliaceie. , • 

SERIES 11. EPIGYNJE. 

Ovary inferior. 

t 

Cohort 1. Hydrales. Order 1. Hydrocharidace^. The flowers 
liavo a perianth, the inner whorl being petaloid, and usually conform 
to the monocotyledonous type, but with multiplication in the androe- 
ciumand gynoocium; formula 7v3, 03, AS + 3 0 ( 3 + ...)• The 

flowers are usually dioecious the female flowers have staminodia ; 
the male flowers have no gynoecium but an increased number of 
whorls in the androocium. The seed has no endosperm. Water- 
plants. 

Tribe 1. Ilydrillea. Ovary unilocular. Stem elongated, with whorls o1 
small leaves. 

Elodea {Anacharis) cauademtu came originally from North America, and has 
spread in our waters so as even to impede navigation in canals. 

Tribe 2. Vallisneriea. Ovary unilocular. Stem short, with crowded 
leaves. 

VallUneria gpiralU inhabits the lakes and ditches of tho warmer parts of 
Europe. Tho loaves are long, narrow, and linear. The female flowers are raised 
above water on long peduncles ; the male inflorescences break away from their 
peduncles and float about on the water to fertilise the female flowers ; the fruit 
ripens under water. 

Tribe 3. Stratiotidea, Ovary 6- (or more) chambered. Stem short, with 
crowded leaves. 

Straliotes aloides (Water Soldier) has still narrow leaves. IlydrocharU 
Morsus Rana (Frog's bit) is dioecious ; the plant is small and floats on the 
water, with small roundly-cordate leaves. 

Cohort 2. Dioscorales. Flowers regular : floral formula KSf 
GS^ AS + 3, 6r(3j : fruit a berry or a capsule. 

Order 1. DiOscOREiE. The ovary is trilocular, with one or two 
ovules in each loculus: tho flowers are dioecious. They are 
climbing plants, with large above- or underground tubers, and 
usually triangular leaves, with reticulate venation. 

Dioscorea saliva^ Batatas and others, known as Yams, are lalrgely cultivated 
in the tropics as a food rich in starch. Tamus covmunia, the Black Bryony, is 
common in England. 

Order 2. Taccacej:. The ovary is unilocular and many-seeded. 
The flowers are hermaphrodite. They are tropical herbs, and the 
leaves which spring from the subterranean rhizome have reticulated 
venation. ' ^ 
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•Oraer 3. BROMELiACEiE. KS, C3, A3 + 3, G (3). Tho ovary id 
Biiperioi? inferior, or semi-inferior, trilocnlar, witli many seeds 
The segments of the calyx are sepaloid, those of tho corolla pctaloid. 
The leaves are usually long and narrow, sharply serrate ; the stem 
is genovally very short. The flowers arc hermaphrodite, and form 
spikes or panicles with bracts. 

Ananassa saliva (Ananas, Pine-apple). The fruit is a berry, and the berries 
of each inflorescence coalesce into a spurious fruit (sorosis), above which the 
axis of the inflorescence extends and bears a crown of loaves. In a state of 
cultivation tho berries contain no seeds. It is a native of America, and is culti- 
vated in all warm countries and in hot-housos. 

Cohort 3. Amomales (Scilamiiioa)) Tho flowers are zygo- 
niorpliic or asymmetrical: general formula, \|/ iv3, (73, -13 + 3, 
occasionally with a great reduction in the andra'ciuin. Perianth 
wholly pctaloid, or the calyx may be sepaloid ; ovary trilocnlar. 
Fruit, a capsule or a berry. Usually no ciidos[)crm, but alnindant 
perLsperm. They are tall herbaceous plants j the leaves are large 
and have pinnate venation. 

Order 1. MusACMiE. M/ 1(3^ (73, A3 + 2, G\j)» Perianth pctaloid, 
irregular ; tho anterior external member is usually very large, anc'i 
the posterior always very small; in Musa tho five anterior members 
of tho perifinth are connate, forming a tube wliicli is open pos- 
teriorly : the posterior stamen is sterile or absent, and tho others are 
not always fertile. Tho sub- family of Heliconiem dilfors from this 
type in tho structure of the flower. They are all shrubs of colossal 
growth, with enormously long leaves : tho flowers arc usually ar- 
ranged in spicate inflorescences in tho axils of large and often 
coloured bracts; sometimes several flowers spring from the axil of 
one bract. 



Fig. 181. ^-Diagram of flower of Musa. Fio. IS^.—Diagram of the flower of Zingi- 

beracua). A Hedychium. B Alpinia. 

Musa paraiisidca (Plantain), M. Sapientium (Banana), and M, Eruete ate 
natives of the tropics of the Old World ; the two former are now diatributed 
throughout America and applied to a great variety of purposes ; the fruit, winch 
18 of the nature of a berry, is an article of food, and the hbro-vasculai bundiei 
are used for making textile fabrics. 
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Order 2. Zingiberacea. KS, C3, ^ f 3 + 1 f 2, Perianth 
pygomorphic. The three outer staminodes are connate,, fcrming a 
leaf-like throo-lobed body, the lahellum, the anterior median lobe 
being much the largest. Of the inner whorl of stamens the posterior 
alone bears a perfect anther, the other two being transforn^ed into 
small glandular bodies. The flower of Alpinia (Fig. 182 B) differs 
'•ornewhat from this typo in its structure. There is a small amount 
of endosperm in the seed, in a depression in the perisperm. 

The starcli which is prepared from the rhizome of Curcuma angustifolia and 
leucorrhiza is known in commerce as East Indian arrowroot. 


Order 3. MarantacE/E or Cannace^. M/ Jv 3, 03, ^ t 1 or 2 + If 
2, G-^, Tlio andru3cium is represented by a number of pctaloid 



Fio. 183.— Flower of Canna indica (i 
/infoiior ovary; pa the outer; pi 


bodies, of which one only, the pos- 
terior stamen of the inner whorl, 
bears a unilocular anther (Fig. 
183 st an) ; of the staminodia one 
is larger than the- others, and is 
refloxod, forming a hihelluni (Fig. 
183 1) ; the narrow ones vary in 
number in the different species 
(Fig. 183 a and /3), 

Canna indica and other siiecies are 
commonly grown as ornamental plants. 

Amy him MarantcCj tlie starchy meal 
prepared from the rhizome of Maranta 
amndinacea^ is true or West Indian 
arrowroot. 

Cohort 4. Orchidales. Flowers 
zygomorphic, reduced in the an- 


innor whorl of the perianth ; g stylo; «ttho droocium wliich is adherent to the 
fertile stamen, with (ail) the nnthor; I label* . . _ 

lum ; tt and ^ the two staminodia. (After ^y^OBClum : perianth petaloid, 
Eichier.) Foimiula^ \|/ K?,, 03, Al + 2, 0^. 

Seeds very small, without endosperm or perisperm ; th^ embryo n 
minute undilferen tinted mass of cells. 


Order 1. ORCHiDEiE. The flowers of most of the genera have the 
formula Nl/ JC3, 03, Al + t 2, 0^ : those of Cypripedium, however, 
have the formula Nj/ 7^3, 03, A f 1 + ’2, 0-^ (Fig. 184 A, B). In 
consequence of torsion of the ovary the flower is generally so placed 
that the posterior side of the flower, instead of being uppermost, as 
is usually the case^ comes to lie inferiorly (resupinatp). The pos- 
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torior segment (petal) of the inner whorl, called the Lthcllum (Kig 
185, see aiIso Fig. 155 1), is always larger than the others, and v’aries 
greatly m *forin ; it frequently has a spur (Fig. 185 up) or a sac- 
shaped cavity (Fig. 155). TJio filaments of the three .stamoiis 
adhere to the three styles; they together form the (jynosUnuliuu 
(Fig. 155 S, Fig. 187 B and C (ja). The fertile stamen bears a 
bilocular anther which, by the absorption of the septum often ap- 
pears to be unilocular, and in rare cases is (piadi’ilocular ; the otli(!r 
two menil)ers of the andrceciuin are staminodia (Fig. 155 x) and 
sometimes are only represented as small tooth-like prominences 
(Fig. 184). In some genera tho pollen-grains are sejiarate from 
each other, in others they occur in groups of four (tetrads), and in 
the majority they are united into a mass which liJls an entire 
pollen-sao (Fig. 185 p, 155 p). In the latter case pollination 
is always effected by the agen(;y of insccds; the two p()llcn-inassci« 



Fig. 181.— Diagram of Orchidaceous 
flowers. A Tho usual type. B Cypri- 
pedium; tho shaded stamens are shimin- 
odia. 



Pig. 185,— Flower of Orchis mascula (2 x ) : 
/ tho twisted ovary ; o a a tlio tlirco outer 
perianth leaves ; % t two of tho inner; I the 
third inner pcriantli leaf, the label lurii, with 
(sji) tho spur; n stigma ; ji ijolleii-.'^aes. 


(^polUnia) become attached to the proboscis of Ihc insect by mcmis 
of a sticky part of the stigma, tho rostdlam (Fig. 155 h), and are 
conveyed to another flower on the stigma of which tlicy arcade- 
posited. In many foreign forms t]ic.so arrangements for cross- for 
tilisation are much more complicated. The ovary is unilocular ; it 
contains numerous anatropous parietal ovules. 

The indigenous species have underground rhizomes or tuhers. 
Two tubers are usually present : the older one, which, at the time 
of flowering, becomes flaccid (Fig. 186 A and B, 1), throws up the 
flowering scape (Fig. 186 s) or, in young plants, a short under- 
ground stem which produces only leaves above ground. At the 
upper end of this tuber another much firmer tuber is formed (Fig. 
186, 2), bearing at its apex the bud of the next year’s stem (K). 
Tho tuber is to be regarded as a lateral bud which coalesces with 
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its first root (or more than one, Fig. 186 B) and then increases in 
size. Tlie lower end of an undivided tuber, as well as tlie^ ends of 
palmate tubers, has, in the young state at least, the same structui e 
as the apex of a true root. 



Fio. IHfl.— -Tubers of Orehta morio ; B of Oi/mnadenta cunopaea : « the peduncle ; 1 tliie 

year’s tuber j 2 next year’s tuber; lit the bud j to and to' roots (nat. size). 

Orchis Morio f and militaris navo round or oval tubers (Fip. 18G A)^ 0. 

Uitifolia and incarnata liave palmate tubers 
running out into roots (Fig. 186 B); the.y 
occur in damp meadows. Oymnadenin 
ennopsea lias long spikes of flowers and 
palmate tubers ; it occurs in woods and on 
heaths. Ophrys mmeifera^ apifera^ and 
aranifera have flowers resembling insects; 
they occur, but are not common, on chalk 
pastures. Ccphalanthera rubral Epipactis 
latifoUajOnd others, have creeping rhizomes; 
they are found in woods. Corallorrhiza 
innata has a coral-like, branched, under- 
ground rhizome, with no roots. Epipoginm 
Gmelinl has likewise no roots; both these 
forms are devoid of chlorophyll, and grow on 
humus in forests. Neottia Nidus-avis also 
is without chlorophyll, and lives on humus 
in woods; it has a fleshy rhizome thickly 
beset with roots which grow in a tangled 
mass like a bird’s nest. Cypripedium Cal- 
ceohis, the Lady’s Slipper, grows in monn- 
tain-woods ; it has a creeping rhizome and 
broad ovate leaves; the perianth is of a 
reddish-brown colour, except the labellum. 
which is yellow, and forms an inflated sac. The whole structure of the flowci 



Fie. 187.— Flower of Cypripedium 
Calceohia: p p the leaves of the pen- 
Knth have been cut away. A Side 
view. B Back view. C Front view j 
f ovary; ga gynostemium ; a a the 
two fertile eta mens ; a etaminode ; n 
stigma. (After Sachs. 
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jj anlike that above described as typical fo% most of the genera; the t \«'0 
stamens, which in other genera are reduced to staminodia. are fertile (Fig. 187, 
a, a, anJ* cqmp. Fig. 184), and the anterior stamen, which in most cases is the 
only fertile one, is hero a large staminode (Fig. 187 «). 

A still greater variety of forms is found among the tropical genera and species, 
which for the most part grow upon trees (epiphytic) and throw out large aerial 
roots. Vanilla planifoUa and other species have a long pod-liko fruit which is 
well known for its perfume and flavour, as Vanilla. Vamla, Oncidium, Phajus, 
and other genera are extensively cultivated in hothouses for their beautiful and 
often fragrant flowers. 

Cohorts. Narcissales. Flowers regular or zve^omorphic: not 
less than three stamens in the andreoeinm : perianth petaloid; seeds 
with endospenn. 

Order 1. Amarylltdr^. KS, (73, A3 + 3, or 12 to 18, The 
dower is occasionally zygomorphic {ind narrowly fnnncl-sliaped : 
anthers introrse. The fruit is usually a triloeular loenlicidal 


capsule, sometimes a berry. 

Alstrmracria has a leafy stem 
and the habit of the Lily. The 
other genera have a very short, 
sometimes bulbous stem, and a 
long floral axis. Amaryllis for- 
mosa is an ornamental plant, 
with large tubular funnel-shaped, 
unequally toothed flowers. Ga- 
lanthus nivalis is the Snowdrop ; 
Lsucojum vertinnit the Snow- 
flake. Narcissus •pseudo -Narcissus 
(the Daffodil), poeticus^ and 
other species are favourite garden 
plants. The liguLno of the six 
segments of the perianth cohere 
to form the tubular corona. 
Agave americana, commonly 
known as the false Aloe, is a 
native of Mexico, but has been 
mamralizcd in Southern Europe. 
The short stem bears a large 
rosette of very thick and prickly 
leaves; when it has attained a 
sufficient vigour — in Southern 
Europe, after from ten to twenty 
years— it throws up an axis of 
some yards in length, which 
branches very much, and bears 
a large number of flowers, which 
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Fio. 188 .— Diagram of tho flower of Iris, and view 
)f tho same after tho removal of the perianth : « 
)cdancle ; / inferior ovary ; r tiibalar portion of iLe 
lorianth; 2>a tho insertion of the outer, ]n of the 
nner leaves of the perianth ; st stamens : a anther i 
n n n the three petaloid stigmas (nat. size). 


are arranged somewhat in the form of a pyramid. 
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Order 2. IniDEiE. KS, 03, -43 + 0, Oja). The flower is sonic^ 
times zygomorphic : anthers extrorse : the fruit is a trilocular 
loculicidal capsule. 

Iris, the Flag, has a horizontal underground rhizome, which throws up 
leaves which are expanded in their median plane, and scapes which bear the 
flowers. The stigmas assume a petaloid aspect, and by their concave outer 
surfaces cover over the stamens which are opposite to and below them (Fig. 

las). 

Iris iy.mila^ germanica^ and others are favourite garden plants. I. pseiidacorus^ 
the Yellow b’lag, is common in ditches. Gladiolus has an underground bulbous 
stem and a tall, many-flowored scape ; the flowers are usually zygomorphic ; 
G. communis {ilbjricus) occurs wild in England. Crocus, from which saffron 
is obtained, has an underground corm, from which grows a very short under- 
ground stem ; this bears the leaves which rise above the ground, and terminates 
in a flower, the ovary of which is subteiTanean : the tube of the perianth spreads 
out above the ground into a six- partite limb, at the base of which tbo three 
staniGus are inserted. 


Class X.— DICOTYLEDONS. 

Tlie emhrrjo has two opposite cotyledons; the endosperm is frequently 
ahsorhed he/ure the seed is ripe. 

The ripe seed sometimes contains a large mass of endosperm and 
II small embryo, as in the Umbellifera) and Eupliorbiaccro ; fre- 
quently the embryo is relatively large and the endosperm occupies 
only a small space, as in tlie Labia tm ; or, finally, tlie endosperm 
may be wholly wanting, and then the embryo fills the whole cavity 
of the testa, as in tho Horse-chestnut, the Leguminosa3, and the 
Compositte. 

The embryo usually has distinct members, consisting of an axis 
and two opiiosite cotyledons ; in rare cases, e.p., Corydalis, only 
one cotyledon is present, or abnormally three may occur, as is 
occasionally tho case in the Oak and Almond. The cotyledons 
usually constitute tho greater portion of tho embryo, as in the 
Leguminosffi (Fig. 189 A c) and the Horse-chestnut, where they 
are thick and fleshy. Tho stem {caidicle) bears at its apex above 
the cotyledons either a bud consisting of several leaves {plumule)^ 
as in Vicia (Fig. 189 Kn\ or it is naked. In parasites and sapro- 
phytes which are devoid of chlorophyll, and which have very small 
seeds, such as Pyrola and Orobanche, tho embiyo is quite undiffer- 
entiated, and it consists of only a small number of cells. 

On germination, after the testa is ruptured, the hypocotyledonary 
portion of the axis elongates so as to push the root out of the seed ; 
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tko root immediately begins to grow rapidly and attains a consider- 
able length (Fig. 189 B //)» whilst the remainder of the embryo is 
ptill contained in the seed. The cotyledons may either remain 
enclosed in the seed during the whole process of germination, and 
perish so soon as the nutritious substances contained in them have 
been absorbed by the plant (e.g.^ Horse-chestnut and Vicia, Fig, 
189), their petioles at the same time elongating so that the plumule, 
which at first is bent inwards, is pushed out and subsequently be- 



Fie. 189.— Ftcia Faha, the Duan. A Seed with one of 
the cotyledons removed ; c the remaining cotyledon; 
tc radicle; kn plumule; s testa. B Germinating seed ; 

8 testa : I a portion of the testa tom away ; n hilam ; 

8t petiole of one of the cotyledons ; k curved epi* 
cotyledonary portion of the axis ; lie the very short 
hypocotyledonary portion of the axis ; h the primary 
root ; u’s its apex ; kn bud in the axil of one of the 
cotyledons. * 

comes erect ; or, as is more generally the case, the cotyledons escape 
from the testa (Fig. 190), become green, and act as the first leaves 
of the young plant. 

The axis of the embryo frequently persists as the main axis o> 
the plant, which grows in length and produces numerous les« 
vigorous lateral shoots ; but it often happens that some of these 


Pig. 190.— Seedling of the Maple 
(nat. size) : e c the cotyledons ; kn 
the plumule; ho the hypocoty- 
ledonary portion of the axis; to 
primary root; li root-hairs, (the 
lower part is cut off). 
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lateral branches subsequently grow as vigorously as the main axis : 
when this is the case, and when also the lower and feebler shooti 
die off, a head, such as is common in forest-trees, is the •result; in 
the case of shrubs, vigorous branches are formed quite low down on 
the main stem. In many forest-trees the stem (trunk) and branches 
form a sym podium, the uppermost lateral bud growing ea<5h year ' 
in the direction of the main axis, which does not itself develope 
any further (§ 6) ; besides these there are many and very various 
arrangements by means of which the life of the individual is ti'ans* 
ferred to new lateral shoots ; such as the formation of rhizomes 
runners, tubers, and sometimes of bulbs, on stems and roots. 
W^hon the axis of the embryo continues to be the main axis of the 
plant, the primary root also developes greatly, and forms a tap-root 
from which the lateral roots grow in acropctal succession ; in cases 
in which the growth in length of the tap-root is limited, numerous 
adventitious roots spring from its older portions ; these may again 
give rise to lateral roots, and by a repetition of this process an 
elaborate root-system is formed. 

The fibro-vascular bundles of the stern are almost always open, 
and the growth in thickness of the stem is effected by the activity 
of the cambium-ring which is formed (§ 26). In certain cases, 
there are, in addition to these fibro-vascular bundles which together 
form a ring, other isolated bundles which traverse the stem longi- 
tudinally, as in Begonia and Aralia ; even more complicated modi- 
fications in the arrangement of the bundles occur in Piperaceoc, 
Sapindaceoe, Menisperniaceie, Phytolacca, etc. 

The branching of the stem is invariably monopodial (§ 6) and 
almost always axillary. Those cases in which, as, for instance, in tha 
racemes of the Cruciferas, the bracts are suppressed, are obviously 
pof^ exceptions to this rule. 

The leaves exhibit infinite variety both in their relative position 
and in their form. The foliage-leaves almost always consist of 
petiole and blade ; sheaths which surround the. stems are com- 
paratively rare, but stipules, on the contrary, are very common. 
Branching or segmentation of the leaves is common and is frequentl;y 
indicated by the incision of the margin. The venation of the leaves 
is characterized by the presence of a large number of veins which 
project on the under surface, except in thick fleshy leaves, and 
which frequently anastomose ; a midrib is almost always present, 
giving off lateral branches to right and left. 

The flowerS: when they are lateral, are usually furnished with 
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braoteoles: they differ very considerably in their structure 
Und cannot bo referred to any one type. The following are the 
principal forms : 

1. In a considerable number the perianth, which is simple, and 
the androecium are isomerous, consisting of four, five, or six mem- 
bers; fheir arrangement is either spiral (f), or whorlod so that th« 
stamens are always superposed on the leaves of the perianth ; tlm 
latter are all similar and are sopaloid. Formula 2*5 | .dS, or 2*ii 
■f n, An + n, where n = 2 or 3. This structure prevails in some 
of the Monochlaraydece (Urticales, Amentales, Qucrnalcs). 

2. In a second group, all the parts of the Hovver are arranged in 
a continuous spiral : the perianth may consist only of a calyx, or a 
corolla maybe developed in pLacc of the external stanusus; when 
this is the case it alternates with the calyx, provided that it is 
isomerous with it, as in most Ranales. 

3. With these two types are connected by many intermediate 
forms those flowers in which the biscriate perianth and the stamens 
are in whorls; their formula is Kwy Gn, An -f- n, where n usually = 
5 or 4. This is the most common typo of the structure of the 
flower; it occurs in most Polypetalac and Gamopetahn; it may be 
modified either by the suppression of one (usually the inner) 
whorl of stamens, or by their multiplication, their branching, or 
their cohesion, or by the suppression of the corolla. 

4. Finally, there remain certain flowers Avliich cannot be directly 
referred to either of the above types, and they must therefore 
be left unexplained for the present, and the relationships of their 
families must ^remain uncertain. 

The sub-divisions in which the Dicotyledons are arranged in the 
following classification are especially characterized by x)eculiaritics 
in the structure of the flower. It is impossible, however, to c^aw 
sharp distinctions between the sub-divisions, the orders, and some- 
times «ven between the families, for the position of a plant in the 
system depends not upon any one character, but upon the aggregate 
of its characters. 
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PART IV. — THE CLASSIFICATION OF PLANTS. 


SUB-CLASS I. MONOCHLAMYDE^. 


SERIES I. 

Cohort 1. Piperales. 

Order 1. PiPKUACEiB 
Cohort 2. Urticales. 

Order 1. Urtice^. 

„ 2. Moreau. 

„ 3. Cannabinejb. 

4. Ulmacej;. 

„ 5. Platane^i. 

„ 6. Ceratophyllej:. 

Cohort 3. Amentales. 

Order 1. Betulace^. 

„ 2. MyRICACE2E. 

„ 3. CASUARlNEiE. 

„ 4. Salicinea*:. 

Cohort 4. Euphorbiales. 
Order 1. EuPHORBiACEJe. 

,, 2. BuXINEiB. 

SERIES I 

Cohort 1. Quernales. 

Order 1. JuGLANDEis. 

„ 2. CORYLACEiE. 

„ 3. CUPULIPER^. 

Cohort 2. Asarales. 

Order 1. ARisTOLOCiiiEiB. 

^ n 2. CYTINACEiE. 

SUB-CLASS 11. 
SERIES I. 

Cohort 1. Lamiales. 

Order 1. Labiatji, 

„ 2. VERBENACEiE. 

M 3. Globularie^. 
n 4. PlANTAQINE£. 


HYPOGYN-E. 

Cohort 5. Daphnales. 

Order 1. THYMELJEAOEiB. 

„ 2. Elacagnacea. 

„ 3. Proteace^e. 

„ 4. LAURINEiB. 

„ 5. MYRISTICEiE. 

Cohort 6. Chenopodiales. 
Order 1. CnENOPODiACEiK 

„ 2. Amarantace^. 

„ 3. PHYTOLACCACEiE 

„ 4. NYCTAGlNEiE. 

„ 5. POLYGONEiB. 

Cohort 7. Nepenthales. 

Order 1. NEPENTUEiB. 


. EPIGYN-aS. 

Cohort 3. Santalales. 

Order 1. Santalacej:. 

„ 2. Loranthaceje. 

„ 3. BALANOPHOREiE. 


GAMOPETAL.®. 

HYPOGYN^. 

Cohort 2. Personales. 

Order 1. ScROPHULARiNEJt 

„ 2. Bignoniacejs. 

9, 3. Acanthaceji. 

„ 4. GES:pBACEiB. 

„ 5. Orobancheje. 

„ 6. Lentibulariea. 
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Cohort 3. Polemoniales. 

Cohort 5. Ebenales. 

Order 1. Convolvulaceas. 

Order 1. Sapoteji. 

„ 2. CUSCUTE.E. 

„ 2. Ebenace^. 

„ 3. POLEMONTACE^E. 

„ 3. Styracej!. 

•„ 4. Solanace.e. 

Cohort G. Primulales. 

„ 5. Boraginej: (As- 

Order 1. PRiMULACEiE. 

perifolle). 

„ 2. Myrsine^. 

Cohort 4. Gentianales. 

„ 3. Peumbagine^. 

Order 1. Geniiane.e. 

Cohort 7. Ericales. 

„ 2. Loganiacea:. 

Order 1. Ericack-e. 

„ 3. Apocyne.e. 

„ 2. EPACRlDEiG. 

„ 4. Asclkpiadej!. 

„ 3. UllODORACE.E 

„ 5. Oli:ack.e. 

„ 4. PYROLACEiE. 

„ 6. Jasminejj. 

„ 5. JVlONOTROPEA 

„ G. VACClNIEiE. 

SEMES II. 

epigyn.t:. 

Cohort 1. Campanales. 

Cohort 3. Rubiales. 

Order 1. CAMPAxuLACEiB. 

Order 1. Rubiaoea?. 

„ 2. Loreliaceje. 

Cohort 2. Asterales. 

Order 1. Valerianeaq 

„ 2. DrpsACEiE. 

„ 3. Composite:. 

„ 2. Caprifoliacea. 

SUB-CLASS III. 

POLYPETALiE. 

SERIES I. CALYCIFLORiE. 

Cohort 1. Umbellales. 

Cohort 4. Myrtales. 

Order 1. Umbellifer^. 

Order 1. Onagracejc. 

„ 2. Araliaceab, 

„ 2. Lytiiuariea:. 

„ 3. CORNACEiE. 

„ 3. MYRTACEiB. 

Cohort 2. Ficoidales. 

„ 4. RFnzopiiOKACfiJt. 

Order 1. Cacte^. 

Cohort 5. Rosales. 

„ 2. Aizoace* (Fkjo- 

Order 1. Rosacea). 

• ideas). 

„ 2. Leguminosa). 

Cohort 3. Passiflorales. 

„ 3. Crassulaceab. 

Order 1. PASSiFLORACEiB. 

„ 4. Saxifragace^. 

„ 2. PAPAYACEiB. 

„ 5. DROSERACEiE. 

„ 3. Begoniageje. 

„ 6. Hamamebide^. 

n 4 . CuCURBITACEiB. 

„ 7. Haloragide^. 

„ 8. Hippuridea:. 

M 9. Callitriciiineae. 
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SEBIES n. DISCIFLORJE. 


Cohort 1. Sapindales. 

Order 1. Sapindace^. 

„ 2. ACERINEiE. 

„ 3. TEREBINTIIACEiE 

(ANACARDIACEiE). 

„ 4. Staphyleaceab. 

Cohort 2. Celastrales. 

Order 1. Celastrine^. 

„ 2. Rhamxej:. 

„ 3. Ampelideab. 

Cohort 3. Olacales. 

Order 1. Ilicinej; (Aqui- 

FOLIACEiE). 

„ 2. Empetre^. 


Cohort 4. GeranialeS. 
Order 1. GERANiACEiB. 

2. Line^. 

„ 3. Erytiiroxtle*. 

„ 4. OxALIDE^. 

I, 5. Balsamine^. 

„ 6. TROPiEOLEJ:. 

„ 7. ZYGOPHYLLEiB. 

„ 8. RUTACEiE. 

„ 9. Meliacbab. 

„ 10. Simarube;e. 

11. BURSERAClLfi. 


SERIES III. THALAMIFLORiE. 


Cohort 1. Malvales. 

Order 1. Tiliacej:. 

„ 2. STERCULTACEiE. 

„ 3. MALVACEiB. 

Cohort 2. Guttiferales. 

Order 1. IlYPERiciNEiB. 

„ 2. Elatinea;. 

„ 3. Ternstr(Emiace«. 

„ 4. Clusiaceae (Gut- 

TIFERAi;). 

„ 5. Dipterocarpeas. 

Cohort 3. Caryophyllinas. 

Order 1. CARYOrilYLLACEiE. 

„ 2.,Portulacaceai, 

„ 3. TaMARISCINEJ!. 

Cohort 4. Polygalinaa. 

Order 1. Polygalace^. 

* 2. PiTTOSPOREAC. 


Cohort 5. Parietales. 

Order 1. PAPAVERACEiB. 

„ 2. Fumariace,e. 

„ 3. CRUClFEBiE. 

„ 4. Capparideap:. 

,, 5. Resepaceab. 

„ 6. CiSTINKiE. 

„ 7. BiXACEiE. 

„ 8. VlOLARIEJE. 

„ 9. Sabraceniacea. 

Cohort 0. Ranales. 

Order 1. Ranuncumceac. 

„ 2. Magnoltacej:. 

„ 3. Calycanthacea. 

„ 4. Nymphaacear. 

„ 5. Menispermacea. 

,, 6. Berbebidea. 


SUB-CLASS I. MONOCHLAMYDE^. 

The flowers usually have a simple sepaloid perianth, or it niaj 
be absent ; they tteually diclinous. 
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• SERIES I. HYP^GYNiB. 

• ^ Ovary superior. 

. Cohort 1 . Piperales. Tho flowers are usually hermaphrodite, 
ind they are arranged in a spike or a spadix, witli bracts ; periantl* 
usually absent. Ovule orthotropous, solitaiy, basal, or suspended ; 
in rare cases there are several parietal ovules. The embryo is 
small and lies imbedded in endosperm, in a depression of the abun- 
dant perisperin. 

Order Pii'ERACK.e. Ovary unilocnlar, 
with a single orthotropous, erect, central 
ovule. The inflorescence is a long spadix, 
with peltate subtending bracts (Pig. 191 /, 
belovi), in the axils of which the flowers are 
situated. Tho flower consists only of an 
ovary (Fig. 191 f] (ibove) and six, three, or 
sometimes two stamens ; the fruit is a berry. 

Piper nigrum is a climbing shrub belonging to 
the East Indies ; tho unripo dried fruits are black Pia. loi.— Part of tho spii. 

pepper; white pepper consists of the ripe fruits of iMperomia, with « 

the same plant, which, after maceration, are freed ( (below) tho sub 

.. tcmling bract; a a tho two 

from their outer coat. .Uimen., / (above), ovary ; I 

Cohort 2. Urticales. Flowers usually ““■•n.coonhoBpaautmaK.) 

diclinous, in inflorescences of various forms : perianth usually pi'c- 

sont, simple, sepaloid, consisting of five or four (2 + 2) segments; 

stamens opposite to the segments of the j- 

perianth excepting in the PJatancm (Order ^ I 

5) ; ovary monomcrous, usually uniloenhir, 

a second mdimentary carpel being usually 

present in the form of a second style; ovule 

solitary, in different povsitions Seed com- 

monly containing endosperm. The infior- U ^ 

escences in Orders 1-3 are nsually situated L \ 

two together at the base of a modified shoot _ * 

® ^ PfO. 192.— Purt of tho 

which springs from the axil of a leaf, and of Uriica wmts^wiih a leaf (/). 
they are cymose (Fig. 192). The leaves which is tho 

11 -u* ° branch (th), at tho base of 

are generally hirsute. which are tho inflorcKcencca 

Oi*der 1. URTiCEiE. Ovule central, ortho- without any bracts (nat. 
tropons, erect. Seed containing endosperm 

They are mostly herbs or shrubs without milky juice and fre- 
quently provided with stinging-hairs: leaves alternate, stipulate. 
Flowers polygamous, monoecious, or dioecious, in paniculate or 
glomerulate inflorescences. 
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Uflica urens and dioica (Stinging Nettles) are known by the stinging haht 
which are distributed over their whole surface : the two outer segmeiEits of tlic 
perianth of tLo female flower are larger than the inner segments (tig. 193 Ji), 

In the former species the male and female 
flowers are contained in the same panicle, and 
the floral axis is but feebly developed*; in the 
latter they are on different plants, and the axis 
is well developed and bears leaves. Bohmeria 
nivea^ a native of China and Japan, has strong 
bast- fibres used for weaving the material known 
in England as Grass-cloth. Parietaria erecta^ 
having polygamous flowers with a gamophyl- 
lous perianth, and destitute of stinging-hairs, 
occurs occasioually on walls, by roadsides, etc. 

Order 2. More.®. Ovule suspended, 
anatropous or campylotropous, more 
rarely basal and orfchotropous : seed with or without endosperm ; 
the fruit is enveloped by the perianth, which becomes fleshy, or by 
a fleshy floral axis. Trees and shrubs with milky juice, scattered 
leaves and deciduous stipules. 



Pio. 103.— A Malo ; li female 
flowers of the Stinging Nettle, 
'Jrticn: p perianth; a stamen; n' 
niditnentary ovary of the malo 
flower; ap outer; ip inner whorl 
of the periturth; n stigma of the 
female flower (mag.). 


Utlorus alba and nigra (Mulberry) come from Asia; the flowers are disposed 
in short catkins ; the catkins are borne singly on shoots which, at the timo of 
(lowering, are still buds, and they contain flowers of one sex only (but the 
flowers arc monoecious) ; the female flowers give rise, as ripening takes place, 
to a spurious fruit (sorosis), consisting of spurious drupes formed by the 
perianths. Tiio leaves, particularly of the former species, are the food of the 
silk-worm. Broussonetia papgriferia (Paper Mulberry) has flowers like the 
preceding, but they are dioocious. The bark is made into paper in China and 
Japan. Madura tinctoria^ in Central America, yields 
Fustic, a dye. Ficus Carica is the Fig-tree of Southern 
Europe ; tlie fig itself (termed a sycouus) is the deeply 
concave axis of the inflorescence, on the inner surface 
of which the flowers and subsequently the fruits, in 
the form of hard grains (achenes), ore borne (Fig. 194 
m/) ; the cavity is closed above by small bracts (Fig. 
194 h). Ficus elastica is the Indian-iubber tree ; it is 
frequently cultivated in rooms. F. religiosa and other 
East Indian species yield Caoutchouc, wluch is their 
inspissated milky juice (latex). Artocarpus incisa is 
the Bread-fruit tree of the South Sea Islands ; the large 
spurious fruit (sorosis) of this tree is roasted and eaten 
as bread. Qalactodendron utile, the Cow-tree oi 
Columbia, has a nutritious latex, while that of AntiarU 
toxicaria (Java) is poisonous. 

Order 3. Cannabi^ej:. 'Ovule suspended, campylotropous. 



Fia. 101.— Longitudinal 
section of a Fig (nat. size): 
a a tlesby axis of the iu- 
florescence; / femalo; m 
malo flowers; b bracts. 
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Piowers dioecious, iu panicled inflorescences. Tho male flow era 
(Fig. 19^ 4) have a 5-partite periantli and 5 short stamens; tho 
female flowers have a tubular entire perianth (Fig. 105 p) 
enclosed in a bract (Fig. 196 B d). a / % 

Eerbs .with decussate ’leaves — at f P Is 

least the lower ones — and per- | If 

sistent stipules : devoid of latex. \ \/yJ l||gf S 


Cannabis saliva^ the FTemp, is a native of \ / f * 

Asia, cultivated throughout Europe. The 

male inflorescences are panicled dichasia [.) 

or scorpioid cymes, and are disposed on 

both sides of a rudimentary shoot at the F'®- 195.— A Mule flower of the Hop : v 

apex of the plant; tho female flowers are PC‘i‘^nLh ; a aiameus. It Fon.alo 
, , , , -1 , . 1 flower: « periiuitli; / ovary, with two 

placed singly on both sides of a similar ,ugma« (h) , each flower is cnclosc.1 in il« 
shoot, which bears secondary shoots in i,ract («1) ; s Hcalo, t.o., one of the two stl- 
the axils of its leaves, each having two pules, from the coinmon axil of which the 
flowers. The tough bast-fibres are used ***‘‘^*‘®*‘ bearin'^ tho iIowoi-h Hpritigs. 
in weaving and for ropes ; the seeds contain a great deal of oil. Iliuniilns 
Lupulus, the Hop, is both cultivated and found wild. The stem, which has 
the peculiarity of twining to the right, bears its leaves in pairs, oacli of wliicb 
has two pairs of membranous stipules. In the infiorcscenco the bracts are 
placed singly, and are finally represented only by their siipnlos. In the female 
inflorescence, which has the appearance of a lir-cono, a rudimentary shoot is 
present in the axil of each pair of stipules which bears two flowers on cacli side ; 
it seems at first sight as if two flowers were developed in tho axil of each stipule 
(Fig. 195 B). All the bracts are covered, especially on the upper surface, witli 
numerous yellow glands. In the male inflorescence tho shoot which boars tho 
flowers is well developed. 


Order 4. Ulmacej:. Ovule suspended and solitary, 
mostly hermaphrodite, with a 4-6- partite 
perianth (Fig. 196 A), Woody plants devoid iSffifljjl f 
of milky juice ; leaves alternate, with dccidu- I 

ous stipules. The inflorescences (gjomcrules) J/ 

are borne directly in the axils of tho leaves. 


Flowers 



In the genus TJlmus the hermaphrodite flowers loe— A Plywer of 

are fascicled Jh the axils of the leaves of the previous vimus campesiria (mag.) : d 
year, and they are invested by bud- scales; one or bract; p poriantb; a stamens, 
more flowers are developed in the axil of the inner- ^ (samara) (nat. size): 
most scale before the opening of the leaves. The margin 

ovary is bilocular. The fruit is a samara, that is, an 

achene with a broad membranous wing (Fig. 196 B) The leaves are alternate, 
and always oblique. The annual shoots have no terminal bud, and so they form 
a sympodium. Two species of Elm are indigenous in England. Ulmus campet> 
Cm. the common Elm, and Ulmm montana^ the Wych or Mountain Elm : the 
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former has rather slender braAches, leaves with distinct petioles and senate 
margins, somewhat narrow at the base, and a seed which is above thf centre of 
the samara ; the latter has thick horizontally spreading branched, leaves with 
very short petioles and doubly serrate margins, broad at the base, and a se^d 
which is central in the samara. Celtis australis, from Southern Europe, and C. 
occidentalism from North America, are often cultivated as ornamental trees;, 
their flowers are polygamous, and they are placed singly or several together 
in the axils of the oblique acuminate leaves : the ovary is unilocular : the fruit is 
a drupe. 

Order 5. PLATANEi®. The diclinous flowers are arranged in 
glomernles borne laterally on pendulous branches. In the male 
glomerules a number of stamens are present together with scales 
which probably represent the several perianths: in the female 
glomerules there are similar scales among which are the unilocular 
ovaries, each containing a single suspended orthotropous ovule. 
They are trees destitute of latex, having scattered leaves and per- 
sistent sheathing stipules. 

Platanus occidentalism from North America, with three-lobed leaves, and 
P. orientalism from the East, with usually five-lobcd leaves, which are often 
cuneiform at the base, are frequently cultivated (especially the former). The 
smooth bark, which is shed in Hakes, is very remarkable. The Plane may be 
at once distinguished from the Maples, which resemble it a good deal in the 
form of the leaf, by the scattered arrangement of the lea\cs. 

Order 6. Ckratophylle^. Submerged water- weeds of doubtful 
affinity, with whorled, sessile loaves dichotomously divided and 
subdivided ; in the axils of some of these the diclinous monoDcious 
flowers occur. The male flowers consist of from 6-12 perianth- 
leaves and about as many stamens; the female flowers have a 
similar perianth and a unilocular ovary with a single suspended 
orthotropous ovule. 

Ceratophyllum demersum and suhmersum occur submerged in ponds and 
ditches. 

Cohort 3. Amentales. The flowers, which are always dicli- 
nous and generally monoecious, are arranged in catkin^ (amenta). 
The perianth, when it is present, consists of five, four twice 
two), or six (i.e., twice three) segments ; the stamens are generally 
superposed on the segments of the perianth. The ovary is usually 
superior, di- or tri-merous, with numerous ovules. The fruit (with 
the exception of Order 4, the Salicineas) becomes by abortion one- 
, seeded, and is indehiscent; the seed has no endosperm. The 
flowers are fmlhishcc^ with bracks wliioh often form investmenui 
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for the fruit : their an*angement in the first three families is as 
follows : *in the axil of a primary scaly bract (the primary bracts 
being arranged spircally in the amentum) is a flower (6) with two 
bracteoles a and in the axil of each of Avhicli is another flower 
•with two more bracteoles a and ^ (Fig. 197). They are trees 
and shrubs. 

Order 1. Betulaceai!. The flowers are mcnoecious, but in dif- 
ferent catkins. The female flowers have no perianth ; the ovary 
is bilocular, with two ovules : the fruit is one-sceded, indoliiscont, 
without any investment : the primary bract is coherent with the 
two or four bracteoles (the bracteoles a are always absent) to form 
a three or five-lobed scale, which does not adhere to the fruit. 


o 



d 


Fio. 197.— Diagram of a group 
of flowers in a typical amentaceous 
plant; d primary bract; b the 
median flower, with tho secondary 
bracts (bracteoles), a and p ; b' b'' 
tho two lateral flowers, with the 
tertiary bracts, a' and P*. 



Fio. 108.— A Scale from a male entkin oi 
Alnua iiicana .* Uie axillary branch adheres to 
tho scale (s), it boars four l^racteoles and three 
flowers ; two of tho flowers arc seen latorally 
(V b'), tho median one from above ; p perianth ; 
a stamens. B Scale (s) of a feraalu catkin of 
the same plant : it.s axillary branch boars two 
lateral branches, each of which bears two 
bracteoles (v t>) and one flower ; / the ovary ; 
n the stigmas (magnified and diagrammatic). 


Alnus, the Alder. In the male amenta throo flo\ver.s with four bracteoles 
occur in the axil <of the primary bract, each flower having a perianth of four 
segments and four unbranched stamens. In the female amenta the median 
flower is absent ; the four bracteoles coalesce with tho primary bract (Fig.* 198 
B V ») to form a five-lobed woody scale which persists after the fall of the fruit 
which is not winged. Tho male catkins are borne tenninally, and tho female 
laterally on the highest lateral branch, on the shoots of the previous year ; they 
are not enclosed by bud-scales during the wdnter, and blossoming takes place 
before the opening of the leaves. The leaves have usually a | arrangement ; in 
d.tncana, tho white Alder, the leaves are acuminate and gray ou the under 
surface: in A, glutinota, tho black or common Alder, they are obovate or even 
emarginate and green on both surfaces. In Alnns viridht the mountain Alder, 
the male catkins only are destitute of bud-scalcs in the winter. 

Betula, the Birch. In the catkins of both sexes the throe flowers have only 
che bracteoles a and /9. In the male flower.s the perianth is usually incomplete, 
and there are only two stamens, the filaments of which are forked. In the 
female catkins, the two bracteoles cohere with the primary bract to form a 
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three-lobed scale which £^118 off together with the winged fruit. The male<cat- 
kins are borne terminally on the shoots of the previous year, and are not 
covered with bud-scalcs daring the winter ; the female catkins are borne ter- 
minally on lateral dwarf-shoots, which have only a few leaves, and they are 
enclosed by bud-scales during the winter; as a consequence, flowering takes 
place after the unfolding of the leaves. The shoots of successive years form 
sympodia, and the leaves are arranged spirally. B. verrucosa has white glands 
on tho leaves and young shoots ; B. pubescens has no glands, but the shoots are 
hairy ; it is a northern form ; B, fruticosa and B. nana are shrubs occurring in 
high latitudes ; B, alba is the common Birch. 

Order 2. Myricacea5. Trees or shrubs ; the flowers, which are 
diclinous and sometimes dioecious, are arranged in catkins; a 
perianth may be present or absent, when present it is scaly. The 
ovary is, dimerous and unilocular, with one erect orthotropous 
ovule. 

Mijrica Oale^ the Bog-Myrtle, is a shrub occuning on moors. M. cerifera, 
belonging to North America, secretes a quantity of wax on its fruits. 


Order 3. CASUARiNEiE. Trees having somewhat the appearance of 
Horse-tails (Equisetum), with long channelled internodes and leaves 
forming a toothed sheath. The flowers are in unisexual catkins ; 
the male flowers consist of a single stamen and two perianth leaves, 
the female of a unilocular ovary invested by two bractcoles, which, 
when ripe, are hard and woody; the whole female catkin then 
resembles a pine-cone. 

Several species of Casuarina are indigenous in Australia. 


Order 4. SALiciNEiE. Tho dioecious flowers are arranged* in 
amenta, and they are borne in the axils of the bracts without any 

bracteoles. The perianth is represented 
by a disc or a scale. The ovary is di- 
merous and unilocular, and contains a 
number of parietal ovules. The dehis- 
cence of the fruit is loculicidal; the 
seeds are furnished with a pencil of silky 
hairs at their bases. The catkins are 
developed at the ends of lateral dwarf- 
shoots which always bear scales or even 



Fig. 109.— a Male; B fomale 
flower of Salix ; d bract ; h disc ; 
a stamens; / ovary; n stigmas 
(enlarged). 


a few foliage-leaves. 


Salix, the Willow, has entire bracts, one or more nectaries (glands) in each 
flower, and usually two stamens, entire shortly-stalked leaves, and its winter- 
buds are covered by a scale which is formed by the coalescence of two. The 
shoots, which gro^ throi^hout the summer, die down yearly. Some species, 
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■uc^ as S» albot fragilia, and bahylouica^ tlio Wseping Willow, have pendulous 
branches, and are arborescent ; most of them are shrubb}', and some, such ns 
8, reticulatat»ret\iBa^ and herbaeea are small decumbent shrubs occurring in the 
Alps and in high latitudes. In S. 2 mrpurca and iuenna the two stamens are 
connate : 8, triandra has three stamens. Most of the species grow on the banks 
of rivers S, auriia and capma in forests, and S. repens and others on moors. 

Populus, the Poplar, has toothed or lobed bracts, a discoid perianth, and 
numerous (4-30) stamens; the leaves are often lobed and have long petioles; 
the winter-buds are enclosed by a number of scales ; the slioots have a terminni 
bud. In the Section Leuce the young shoots are pubescent, and the buds 
are not viscid; the male Rowers have usually only from 4-8 stamens, and the 
stigmas have 2-4 lobes : to this section belong 1\ alba, the White Poplar or 
Abele, with five-lobed leaves on the elongated shoots, which are woolly beneath ; 
and P. tremula, the Aspen, with sinuate-serrate leaves, glabrous beneath, which 
are versatile on the long slender and compressed petiole, and which are there- 
fore very readily set in motion by the wind. In the Section Aigeiros, the 
young shoots are glabrous and the buds viscid ; the bracts arc glabrous, and the 
number of stamens is usually from 15-30 ; the stigmas arc entire or shortly 
lobed : to this section belong P. nigra, the Black Poplar, and a variety with 
erect branches, the Lombardy Poplar ; of the latter, only male individuals are 
usually cultivated. 


Cohort 4. Euphorbiales. Flowers usually diclinous; the 
perianth sometimes consists of calyx and corolla, sometimes it 
is simple, and occasionally it* is absent: 
the ovary is usually trilocular, with a 

one or two anatropous and generally • 
suspended ovules in each loculus; the ^ 
seed contains endosperm; the structure 
of the flowers is very various. The affi- 7 f 

nities of the group are not accurately b 
known . 

Order 1. EuPHOUBiACEiE. The fruit is si 

usually dry and dehiscent, splitting sep- V. 

ticidally into cocci. The micropyle of v 

the solitary suspended ovule is directed 2oo.--Part of an indores- 

cenre of' a Euphorbia ; h h brnctH 
outwards. ^ They are plants of very i„ the axils of wiiich are the 

various habit and floral structure, and fl«wer hmu (im) ; p is the invo. 

- . . Ml ' • lucre of tlie C3’athium; dr the 

they mostly contain milky juice. „ the male newer. ; , 

The genus Euphorbia has cyniose t>>® iio<i'cei of the female newer 
umbels or diohasia, the branches of which 

terminate in what were formerly regarded as hermaphrodite 
flowers, but are really inflorescences, each one being termed a 
eycUhium The cyathinm consists of a tubular involucre (Fig 


Pio. 200.--Part of an inflores- 
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200 jp), between the five lobes of which glandular appendages, often 
of a semilunar form, are situated (Fig. 200 dr). Within this in- 
volucre are numerous male flowers in five groups, each of which 
consists of a single stamen (Fig. 200 a) and is terminal on a long 
pedicel, and one female flower (Fig. 200 g\ consisting of a tri- 
locular ovary (Fig. 200/), at the base of which an indication of a 
perianth may in some cases be detected. That the cyathinm is an 
inflorescence and not a single flower is most clearly visible in some 
foreign genera (Monotaxis), in which a perianth is distinctly de- 
veloped round each stamen. There is a single ovule in each loculus 
of the trilocular ovary : the seed has a peculiar appendage termed 
a caruncle. 

In Mcrcurialis the inflorescence is racemose : the male flowers have 
a three-leaved perianth and numerous stamens ; the female flowers 
have a similar perianth and a bilocular ovary. The juice is not milky. 

Ilicinus bears its monoecious flowers in a compound inflorescence, 
in which the male flowers are placed below and the female flowers 
above. The perianth is simple and five-lobcd, the stamens numer- 
ous and much branched (Fig. 142). 

Of Euphorbia, the Spurge, a number of species are annual herbs, as E, Peplut 
and helioscopia (the common Sun Spurge) occurring in gardens and by road- 
sides ; some South European forms ore small shrubs, as E. dendroides and 
fniticosa. In Africa and the Canary Islands the genus is represented by species 
which much resemble Cactem in appearance ; their stems are thick and cylindri- 
cal or angular or sometimes spherical, producing small leaves which usually 
soon fall oil. Mcrcurialis annua and perennis (Dog's Mercury) are weeds; the 
first common in cultivated ground, the second in woods; their flowers are 
dioecious. Ilicinus communis (the Castor-oil plant) is a native of Africa, now 
frequently cultivated. Some species of Phyllanthus have phylloid branches 
which bear their small flowers in the axils of minute bristle-like leaves situated 
in indentations at the edge of the phylloclade. Manihot utilissiniaj a South 
American plant, yields the starchy meal known in commerce as tapioca, From 
Siphonia elastica, a species growing in Central America, most of the caoutchouc 
is obtained. 

Order 2. BuxiNEiE. The micropyle of the suspended ovule is 
directed inwards. Flowers .monoecious, in glomerules, in which the 
terminal flower is usually female and the lateral ones male. Male 
flowers with a simple 4-leaved perianth and four superposed 
stamens ; the female with a trilocular ovary : two ovules in each 
loculus : fruit a capsule, with loculicidal dehiscence. For tlie most 
part shrubs devoid of milky juice. 

Buxus sempervirens, the Box. is an evergreen shrub of Southern Europe ; the 
wood is valuable^ 
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Cohort 5. Daphnales. Flowers lieymaphrodite or nnisexiuil, 
actinomorphic, 4 or S-merous : perianth simple or biseriate ; in the 
latter caseHhe corolla is usually suppressed : stamens typically in 
two whorls, peyigynous : ovary monomerous, with usually a single 
anatropous ovule inserted on tho floor of a hollow receptacle: 
embryo* straight. 

Order 1. TiirMEL-iiACKJ:. Flowers hermaphrodite; calyx and 
receptacle petaloid, with a 4-lobcd limb ; corolla suppressed, or 
represented by small scales : the four stamens opposite to tlic sepals 
are inserted higher on tho tube of the calyx than the four whicli 
are opposite to tho petals (Fig. 201) : ovule suspciuled; fruit a 
berry : seeds without endosperm. 

Daphne Mczereon is common in woods; the usually 3-flo\vered innorcsceiices 
are borne in the axils of the foliajje leaves of tho previous year, anil they bloom 
before thb development of the leaves of the same year. 



Fig. 201.— -Calj’X of the flower of Fio. 202.— Ilerniapliroilite flower of EIib- 

Daphne Jlezereon laid open (x 6): o agnunfusca, A In longitudinal section. Ji 

the four euperior ; u tho four inferior Floral diagram (tho calyx is erroneously 

stamens, adnate to the calyx. placed diagonally, instead of mcdio-latural 

ly) ; d disc (cnluigcd.) (After Suchs.) 

Order 2. El^agnacej;. Flowers diclinous or polygamous, 4 or 2- 
merous; the corolla is suppressed; the stamens opposite to the 
sepals are sometimes wanting (Fig. 202 B ) ; a disc (Fig. 202 A, d) 
usually closes the receptacle : fruit an achene, surrounded by the 
receptacle or by the whole perianth : ovule basal : seeds with small 
endosperm : the leaves are covered, especially on the under surface, 
with scaly hairs. 

Hippopha^ rhamnoides^ the Sea Buckthorn, is a shrub which is sometiines 
common on the banks of streams : the smaller branches mostly terminate io a 
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thorn ; the flowers are dicecious and dimerous ; when the fruit is ripe the calyx 
is of an orange colour. Elaeagnus has tetramerous polygamous flowers (]^ig. 
202) ; it is commonly cultivated. , " 

Order 3. Proteace^. Affinities .doubtful. Flowejrs hermaphro- 
dite ; the very short stamens arc superposed on the four segments 
of the simple perianth, and are adnate to them (Fig. 203 B ) ; when ' 
tlio flower opens, the tube of the perianth often becomes still more 
deeply cleft : the ovary is usually borne upon a prolongation of the 
axis (Fig. 203 0, ^p) : ovules one or more, ascending : seeds with- 
out endosperm. 


Frotca, Grevillea, Manglesia, and others occur mostly in South Africa and in 
Australia. 



Pio. 203.— Flower of JRatij/lesia glabrata. A Be- 
fore opening. B Open ; p segment of the perianth : Fig. 201.— Stamen of Laums. A 
ft anther j n stigma. C Ovary below, in longi- Anihers opened, a a ; d d the valves ; 
tndinnl section ; gp gynophoro. I) Transverse boo- b h glandular appendages. Diagram of 
tion of the ovary. E Ripe fruit. (After Sachs.) Ginnamomum. 

Order 4. LAURiNEdO. Flowers hermaphrodite or polygamous, 
cyclic, usually trimerous (dimerous in Laurus) ; perianth simple, 
sepaloid, in two whorls ; stamens 12, in four whorls ; the anthers 
open by 2 or 4 valves, sometimes introrse, sometimes extrorse; 
the filaments have glandular appendages (Fig. 204 hb). Ovary 
trimerous (drawn as monomerpus in Fig. 204), unilocular with 
one suspended oviile, two of tho three carpels being abortive. 
Fruit a berry or a drupe. Seed devoid of endosperm. » 

Thctie are usually evergi'cen shrubs with coriaceous leaves ; a few, as Gassytlia, 
are parasites resembling the Dodder in habit. 

Order 5. Myristice.®. Flowers diclinous, cyclic ; perianth simple, 
gamophyllous, 3-lobed. Stamens 3-18 coherent into one bundle. 
Ovary monomerons, with one basal ovule : fruit a fleshy two-valved 
capsule: seed with endosperm. 
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mosehata^ the Nutmeg, is a uative'of the Moluccas. The seed is 
invested hy an arillus, an integument which is developed after fertilisation ; it 
has a netteoL or laciniato appearance (Fig. 205 a ) ; it is known in commerce as 
Mace. Seed large, with much endosperm, the surface of which is corrugated ; 
the innermost layer of the hrown testa closely follows all the windings, and this 
gives the endosuerm a marbled appearance. 



Fia. 205. — Fruit of the Nutmeg- 
tree, Myrisiica moschata. P Peri- 
carp, half of it removed ; a the seed j 
a arillus (nat. size). 



Pio. 200.— Flower of Cheno- 
poilium (onlnr>;cd) : k peri- 
anth ; a staiiieiis ; / ovary ; 
n stigma. 


Cohort 6. ChenopodialeSi Flowers usually hermaphrodite ; 
periftnth sepaloid or petaloid j ovary monomcrous or polymerous ; 
ovule usually solitary ; embryo coiled or curved. 

Order 1. CHENOPODiACEiE. Flowers small, united to form a dense 
inflorescence: the bracteoles are usually suppressed. Stamens 
superposed on the usually 5-leaved sepaloid perianth (Fij,^. 200). 
O^^ary usually dimerous and unilocular, with a single basal ovule. 
Stipules wanting. 


C/tenopodiwn alburn^ the Goose-foot, and Jilitum (Chniopndinm) Donvs 
HenricuSf the Alhgood, are common weeds on garden ground and waste land. 
Spinacia olcracea is Spinach, cultivated as a vegetable. Beta vulgaris is culti- 
vated under the var. Cicia (Mangold). B, aliusima is the spocios used in the 
manufacture of sugar, and B, rubra is the red Beetroot. Salsnla, the Salt-wort, 
and its allies, with fleshy stems and leaves, are conspicuous in tho vegetation of 

the sea-shore. 

• 

Order 2. AMAUANTACEiE. The flowers have tho same structure as 
those of the preceding family : they have usually brficteoles which 
are frequently petaloid : ovary unilocular, probably polymerous : 
ovule solitary and basal, bnt in some cases the ovules are numeroii.s. 
Stipules absent. The flowers usually form dense inflorescences. 

Specios of Amarantus and Celosia (Cock’s comb), the latter having a mon- 
etrous floral axis, are well known as ornamental plants. 
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Order 3. PiiYTOLACCACEife. The flowers have a simple, generaUj 
S-leaved perianth which is often potaloid, and two whorls ot 
stamens; tlio number of the stamens is in many cases doubled 
(Fig. 207); the number of carpels varies 
very much; when the ovary is polymerous 
it is multilocular, each loculus containing a 
single ascending ovule. Stipules occasionally 
present, 

Phytolacca dccandra^ a uativo of North America, 
is used as a colouring-matter iu the manufacture of 
Fig. 207.— Diagram of the and in other processes, 

flower of Phytolacca decan^ 

Order 4. Nyctagineac. Perianth simple, 
potaloid,' gamophyllous, 5-lcaved; stamens in greater or smaller 
numbers ; ovary monomerous, unilocular, with one basal anatropous 
ovule ; the terminal flowers are surrounded by an epicalyx, but not 
the lateral ones. 



MirahilU JaUipa^ the Marvel of Peru, is an ornamental plant from America; 
the roots are often substituted for those of the true Jalap. 



Order 5. Polygoneac. 
The flowers have a simple 
4, 5, or 6-leaved perianth 
which may be either 
sepaloid or petaloid, and 
usually the same number 
of superposed stamens ; 
but occasionally the sta- 
mens are more numerous 
or some* of them are sup- 
pressed. Ovary usually 
trimerous, unilocular, with 
a single basal orthotropous 
ovule ; the fruit is fre- 
quently more pr less en- 


Fig. zOS.— ^ Portion of the etetn («) of Polygonum, 
with a leaf (b), its sheath (v), and the ochrea (o) (nat. 
siso). B Flower of Rheum ; A external, o internal 
perianth-whorl ; a the stamens. C Fruit of Ruroox, 
enclosed by the inner whorl of the perianth; $ base of 
one of the perianth leaves; k external perianth leaves, 
O Fruit of Rheum (/); k onter,^ inner perianth-whorl 
(enlarged). 


veloped by tbe persistent 
perianth. The leaves have 
well - developed sheaths 
(Fig. 208 A v) and connate 
stipules forming an ochrea 
(Fig. 208 o) which em- 


braces the stein forborne distance above the leaf-eheath. 



GROUP IV. — PHANEROGAMS. 


259 


^Rhoam, the Rhubarb, has six (throe inter luil and three external) perianth 
leaves and two whorls of stamens, the outer containinj? six, and tho inner 
three ; llhmni undulatum and other species are cultivated. Rumox, the Dock, 
•has flowers of similar structure, but tho innor whorl of stanions is absent ; the 
nriquetrous fruits are completely enveloped by tho inner whorl of jierianth loaves 
(Fig. 208 c ) ; the leaves contain a largo quantity of oxalic acid. Polygomuii has 
usually five petaloid perianth leaves and a varying miinbor of stamens (5-8) ; 
R. Fagopyrunit the Duckwlieat, is cultivated for the sake of its mealy seeds. 

Cohort 7. Nepenthales. Flowers tliaunous; permntli simple; 
stanions monaclolplious ; ovary ^3-4-iociilar ; ovules iiulidiiiite. 

Order 1. NepentiiE/E. The lamina of tho leaf of Nepontlies has 
a pitcher-likc form, and is termed an aacidiwm ; it is an adaptation 
for the purpose of capturini^ insects. 


SERIKS II. EPIGYN.'E. 

Ovary inferior. 

Cohort 1. Quernales. Flowers diclinous: ovary l-G-loeular ; 
ovule 1, basal or suspended : seeds without endosperm. 

Order 1. Juolande.e. Flowers moncccious, the two kinds of 

flowers being contained in distinct catkins. Each bract boars in if.s 

axil a single flower with two 

bractcoles. Tho ovary is 

dimerous, and encloses a 

single erect orthotropous 

ovule. The male flowers are 

usually borne on tho bract; 

they may or may not have a 

perianth, and the stamens are 

indefinite (Fig. 209 /i). The nigra l>e:irin^ a flower ; p ])urianlh and hrnctoulcB; 

fruit is drupaceous; the leaves * * a*'’ of t'*® catkin, u Fcmalo flower 

^ 1 Ti 1 of the B»me plant; I bructeoleH ; c perianth; n 

are pinnate, and, like the 
flowers, they are aromatic. 



HliginaH (ma^fnilicd). 


In Jnglans the male catkins arc borne on the apice.s of the leatlcss ehoots ol 
the previous year, and the few-flowcred female catkins on tho apico.? of the 
leafy shootp of the same year. The bractcoles of tho female flowers (Fig. 209 1} 
grow up around the ovary. The siicculnit mcsocarp is thin, and ruptures 
irregularly ; the hard endocarp opens on germination along the lino of junction 
of the two carpels, and then the incurved margins of tho carpels are scoii as 
an incomplete longitudinal septum projecting between tho two cotyledons of 
the embryo which is closely invested by tho endocarp. J. regia ^ tlic Walnut 
Tree, is a native of Southern Europe ; in North America, J. cinerea and rtigra 
occur; also various species of Carya, the Hickory, remarkable for its very hard 
wooil 
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Order 2. Corylace;e. Flowers monoecious, in male and femaje 
catkins. The male flowers have no perianth; that of tha> female 
(lower is rudimentary. Tlie ovary is bilocular; one loculus is 
sterile, the other contains two suspended anatropous ovules: the 
fruit is one-seed ed and indehiscent (a nut). Two flowers are borne 
in tlie axil of the primary bract of the female catkin, f.lie median 
flower l)eiiig absent. Each fruit is suiTOunded by a leafy invest- 
ment (cupule) formed by the three bracteoles (a and jS 
respectively. Fig. 197) of each side. In the male catkin the median 
flower only is developed ; the filaments of the stamens are deeply 
forked. 


In Corylus, the Ilnzel, the female catkin resembles a bud, since the external 
Bterilo bracts have the same structure as the bud-scalcs (Fig. 210 B ) ; the red 
stigmas project at the top; the investment of the fruit is irregularly cut; a 
small projection is formed on the fruit, the nut, by the remains of tJie perianth. 
Each primary bract of the male amentum bears two bracteoles a and jS, and four 

forked (so apparently eight) stamens 
(Fig. 210 ^). Both kinds of amenta 
are placed in the axils of the leaves 
of tlie previous year, and are not 
enclosed by scales during the winter ; 
hence flowering takes place before the 
unfolding of the leaves. Leaves dis- 
tichous. C.Avellana is the common 
Hazel ; C, tuhiilosn^ with red leaves, 
the Copper Hazel, is cultivated as an 
ornamental shrub. 

In Car})inus, the Hornbeam, the 
fruit has a three-lobed investment; 
the fruit is ribbed and is surmounted 
by the perianth, Tlie primary bract 
of the male catkin bears 4-10 deeply 
forked stamens; there are no brac- 
teoles. The catkins of both kinds 
are borne at the apex of short leafy 
shoots of the same year, hence 
flowering tnk(3s place after the unfolding of the leaves. Leaves distichous. The 
annual shoots form sympodia. C\ Betulus has an irregular stem find serrate 
leaves which are folded along the lateral veins. Tn Ostrya (Southern Europe) 
the investment of the fruit is an open tube. 



Fio. 210.— Corj/lua Avellana, A Scale (») of ii 
mule calkin, with the BtiiiiiciiB (/), tind anthers 
(a). B Female catkin : the lower scales («)have 
no flowers ; iiio stigmas (a) project above. C A 
single female flower surrounded by the invest- 
ment (bnicteoles) (o), with two stigmas (n) (mag. 
and diag.). 


Order 3. Cui’ULiFERiE. Flowers monoecioiis, with a perianth of 
five or six segments. Ovary trilocular, with two ovules in each 
loculus; ovules anatropous, ascending or suspended: the fruit is 
one-seeded ani. indehiscent (a nut); it is inv^isted by a cupule 
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farmed proLaldy by tlie connate bracteolcs aj 

and having its surface covered with scales, prickles, etc. Tlie 

.filaments are not forked. 



In Quercus, the Otik, tlio male catkins ore loose ; ca(?]i bract bears a single 
flower in its axil witliout bracteolcs : the perianth is 5 -7 lobed, and tlie i'taineiis 
from 5-10 or imkdinitc (Fig. 211 a). There is ii single flower, the im'dian one, 
in the axil of each bract of tlie female catkin ; thus the cupulo invests only a 
single fruit, forming the so-called cup at its base. The leaves are developed in 
j| order near the apices of 
the annual shoots ; tho 
annual shoots are always 
apical. The male catkins 
are borne in the axils of 
the uppermost bud-scales 
(pairs of stipules) on both 
long and dwarf shoots of 
the same year, tho female 
catkins in the axils of the 
foliage-leaves of the apical 
shoots ; flowering takes 
place shortly after the un- 
folding of tho leaves. The 
ovules arc asccaiding. The 
cotyledons remain en- 
closed in the testa during 
germination. Quarens Ua. 
bur is the English species, of which there are two varieties, Qnrrmn pfdiinrKlutd 
and Qacrcus scsdlijlora: the former has idongated female (;!itkins, so that the 
fruits arc widely separated from each otlicr, and its pinnatrdy lohoil leavr-s are 
shortly stalked and cordate at tlie base : the latter has comjtact female catkins, 
so that the fruits form a cluster, and its leaves liavo long(.‘r petioles, and are 
narrowed at tho base. Qucrcnn Subtr is tlie Cork-Oak of Southern Europe. 
There are also several North American species. 

In Fagus, the Beech, tho catkins of both kinds have the appearance of stalked 
capitula. Tho flowers of the male catkin are closely packed ; tlujy nave a peri- 
anth of 4-7 segments and 8-12 stamens. The female catkin consists of two 
flowers only, which are invested by a single ciipnlc and by four delicate leaflets. 
The cupule is covered with hard bristles, and when ripcs splits into four valves 
to allow tho*two triquetrous fruits to escape; each fruit hears at its a])ex a 
brush-like remnant of the perianth. The ovules are suspended. The female 
inflorescences are borne on erect axes in the axils of tho leaves of the a])ical 
shoot of the same year, the male on pendulous axes springing from the axils of 
the lower leaves of the shoots. Leaves distichous, approaching each other on 
the under surfaces of the shoots, their axillary buds approacliing each otlier on 
tho upper surface; tho winter buds are elongated and pointed. The cotyledons 
escape from the seed on germination. Fagus sylvatica is tho common Beech, 
a variety with red leaves,, the Copper Beech, is very generally cultivated. 


Fio. 211.— Qiierciw pcfluncHldtt. A Msilo Mower ; 

p ])criaiJtli ; a stsimeiia. P Female Mower iiingiiiMed ; d 
hract; c ciipule; p Uie suj»«'rior p(?riinit.h ; g tho Myle; w 
!;hc stigma. C The same still more magiiiMed, in longitinli. 
aal section ; / ovary; h ovulc>i. 
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In Castanea, the edible or Spanish Chestnut, some of the catkins consist «t 
their lower part of female flowers and at their upper of male ilowecs, whilst 
others have ouly male flowers. In the axil of each bract there are usually 
either seven male or three female flowers ; the latter arc invested by the bracteoles 
a and j3, and by a cupule formed by the other four bracteoles ; the cupulc, which 
is covered with prickles, completely encloses the fruit until it is ripe, .when it 
splits into four valves, liotli kinds of catkins are formed in the axils of leaves 
of shoots of the same year, the mixed catkins being nearer to the apex than the 
male ones. The ovules are suspended. The leaves are arranged spirally on 
vigorous shoots; they are distichous on the less vigorous lateral shoots. 
C.vuhjarU^ from Southern Europe, is cultivated in parks; it has undivided 
toothed leaves. 


Cohort 2. Asarales. Flowers hermaphrodite or unisexual : 
ovary nmltilocular : ovules numerous. 

Order 1. AuisroLOCiiiEiE. Flowers hermaphrodite: perianth ol 
tlireo connate ])ctaloid segments forming a ih ree-lobed tube : stamens 
6 or 12 : ovary usually 6-locular, with numerous ovules in two 
longitudinai rows along the inner angles of the loculi. The minute 
embryo is enclosed in the co[)ions endosperm. They are herbs or 
shrubs, often climbing, with large leaves. 


In Auirum europaum (Asarahneca) the three lobes of the perianth are equal , 
the twelve stamens are free, and the connective is produced (Fig; 212). The 

annual shoots of the creeping stem bear four 
catapliyllary leaves, two large petiolate reniforiu 
foliage-leaves, and a terminal flower. The 
lateral branches spring from the axils of the 
uppermost foliage- leaf and of the scales. , In 
Aristolochia (see Fig. 154 p) the limb of the 
perianth is obliquely lipped; the six anthers 
arc sessile and aduatc to the short style. A, 
Sipho is a climber frequently cultivated; A. 
^leniatitia occurs on ruins, etc. ; the flowers of 
;he latter occur usually several together in the 
ixils of the leaves, and those of the former in 
pairs, one above the other, together with a 
branch in the axils of the leaves of the shoot 
of the previous year. • 



Fio. 212.— Asamia etmpmim. 
Longitudinal sect on of tho flower 
(mug.) : p perianth. (After Sachs.) 


Order 2. Cytinaceas. Parasites devoid of chlorophyll and with- 
out foliage-leaves, with a usually deformed vegetative body, and 
either solitary flowers of remarkable size or small flowers in a 
compact inflorescence. Flowers hermaphrodite or unisexual : 
perianth campanulate : ovary unilocular ; ovules very numerous ; 
embryo rudimentai^y : seed with or without endosperm 



GROUP rv. — PHANEROGAMS. 

^Bub crdcr 1 Cytinp.,®. Gytinns ITypocistia is parasitic on the roots of Clstus 
in Southern Europe ; other species occur in America and South Africa. 

Sub-ordor 2. Hydxore®. Hydiiora and others are parasitic on the roots ot 
•Euphorbii'B in America and in South Africa. 

Sub-order 3. Rafflesiace®. Rajfleiiia Arnoldi is conspicuous for tho enormous 
size of Us flower ; it is parasitic on the roots of Ampolidcie in the East India 
Islands. 


Cohort 3. San tal ales. Parasitic plants: leaves, when present, 
entire: stamens equal in numher to tJio leaves of the periantli and 
superposed upon them ; ovary uiiiloeiiliii* ; ovules devoid of iutegu- 
ment. 

Order 1. SANTALAcfi®. Parasites proviiled with ehlorophyll: 
flowers generally hermaphrodite; ovules 1-4, siispj*nded upon a 
free central placenta: perianth 3-r)-lol)eil ; fruit a mil. or drupe. 

Thesinm linophyllum, the Bastard Toad-flax, is an iiidit^ciioiis plant wliich is 
parasitic on tho roots of other plants. The leaves arc narrow and linear. Tho 
bracts of the flowers, wliich are disposed in racemes, are usually jdiwjed hij^li up 
on the pedicels, close under the flowers, and in most of the species constitute 
with the bracteoles a three-leaved cpicalyx. The stamens are liliform, insiutcd 
at the base of the lobes of the perianth. The perianth is persistent, remaining 
curled up at the apex of the indchiscent fruit (Fig. 213 D), Santaluin album, 
an East Indian tree, yields Sandal-wood. 



Fio. 21.3. — A Flower; It fruit 
A r Thesium montanum : f ovary j 
p perianth; s stamens; n stigma 
(enlarged). 



Fig. 2U.—A Termiiinl shoot of a female plant ol 
tho Mistlciuo, Viscum alburn ; « stem ; b b Ic'avcs ; k I 
axillary buds; / three ffinalo flovvi’rs witli tlio frnii 
set. B Male llowcr (ina;;.) ; p perianth ; a antlicrf 
adherent to the leaves of tho pciiunth. 


Order 2. Loranthace®. Parasites provided with chlorophyll: 
flowers 3iclinous or hermaplirodito ; ovule erect, adhering to tho 
wall of the ovary : perianth of 4, 6, or 8 leaves ; fruit a licrry. 

Viscum album, the Mistletoe, is parasitic on various trees, forming conspicuous 
evergreen bunches. The stem bears a pair of opposite leaves (Fig. 214 b b), 
from the axils of which new branches spring, each bearing a pair of cataphyllary 
leaves and then a pair of foliage-leaves, wliile the main axis ceases to grow, oi 
produces a terminal inflorescence, consisting of three flowers (Fig. 214 h/). 
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branches or inflorescences may also spring from the axils of the catanhyilary 
leaves. The flowers are dicecions. The fruit is a one-seeded beriy with a viscid 
pericarp, by means of which the seeds become attached to trees, and, tflus effect 
the distribution of the plant. The male flowers have mnltilocular sessile anthers, 
which are inserted (Fig. 214 B n) upon the leaves of the perianth. Loranthut 
europaua occurs upon Oaks in Eastern Europe. 

Order 3. BALANOPiiORKi®. Parasites devoid of cliloropliyll and 
witliOTit foliage-leaves, with a deformed vegetative body. Flowers 
dioecious or monoocious, in many-flowered inflorescences. The 
female flowers usually consist of a one-seeded ovary; the ovule is 
suspended, and it adheres closely to the ovary. The embryo is 
very small. 

Balanophora, Lophophytum, and others arc Brazilian genera; others inhabit 
tiopical Africa; Cynomorium coccinenm is found in the Mediterranean region. 


SUB-CLASS II. GAMOPETALiE. 


Flowers usually hermaphrodite: perianth differentiated into 
calyx and corolla; calyx usually gamosopalous ; corolla generally 
gamopetalous, in some cases it is suppressed. 

SEllIKS I. HYPOGYNiE. 

Ovary supcidor (except in Vacciniero) : stamens opipetalous, or 
free and hypogynous. 

Cohort 1. Lam i ales. Flower pentamerous, usually zygomor- 
phic with median symmetry: corolla usually bilabiate, the two 

posterior petals being 
connate and forming 
a frequently helmet- 
shaped (galeate) pro- 
jecting upper lip, the 
anterior petal, with the 
two lateral petals, form- 
ing the under lip: sta- 
mens epipetalous : the 
posterior stamen is 
usually abortive or ap- 
pears as a staminodc; 
the two lateral stamens 
are generally shorter 
than the two anterior 
ones, BO that the flower is didynamons; the two median carpels 



Fig. 216 .— a Flower of Laminin, eWe view: It calyx ; o 
upper; tt under lip, B Flower of Leonurus opened; o 
upper; tt divided under lip ; s laternl lobes of the corolla; 
/ / shoot; /' f long stamecs (mag.). C Ovary ; n aches- 
uia ; 0 style (mag.). 
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a usually bilocular ovary which i?? sometimes subclivitlcd into 
four loc^jali : leaves scattered or opposite decussate, cxstipulate : the 
leafy shoots have no terminal flower: the formula is generally 
’M/ K (5) (0(5) /15) 

Order 1. Lahiale. Stamens four, didynamous (Fig. 215 J>) ; 
rarely, as in Salvia and its allies, only the two anterior stamens 
are developed : ovary subdivided into four chainl)(>rs, as in the 
Boragineae, which part as the seed ripens into four aehamia (Fig. 
215 0): style lateral: the ovule in eneli loculus is solitary and 
erect : seed without endosperm. Herbs Avith dt'cussate leaves and 
quadrangular stem. Tlie flowers are disposed aj)paroutly in wliorls 
round the stem, but the infloi*escenco is in fact made up of com- 
pound cymes or dichasia, termed verlicillasters, deveU)[)cd in tlie 
axil of each of the two opposite leaves. 

Tribe 1. OcymoideiC. Stamens 4, desc(‘n(lin<». 

Ocumum Badlicwiit the Sweet Basil, from India, and Lavandula, the Lavendei 
from Southern Europe, are cultivated as potherbs. 

Tribe 2. Menthoidccc. Stamens 4, eqiuil, ascending, divergent : corolla 
almost regular, 4- or 5-lobcd. 

Many species of Meutlia, Mint, are common. Several specie's of Coleus, and 
Popostemon Patchouli^ yielding oil of Patchouli, are cultivated. Lycopus has 
only 2 stamens, the two posterior ones being abortive. 

Tribo 3. Satureiuea, Stamens 4, with broad connective, divergcuit, ascend- 
ing. 

Origanum vulgare is the Wild Marjoram ; the Sweet Marjoram which is 
cultivated is an exotic species. Thymus SrrjnjUum is the Wild Thyme ; the 
Garden Thyme is T. vulgaris j from Southern Europe. Sntiirfia hortmsis (e.xotic) 
is the Summer Savory. Various species of Calarnintha (stamens not divergent) 
are common, as also Clinopodium vulgare (or C. Clinopodinm), the Wild Basil. 

Tribe 4. MelUsincae, Stamens 4, with narrow connective, divergent. 

Melissa officinalis^ the Balm, and Hyssopus, the Hyssop, are cultivated as 
potherbs. 

Tribe 5. Monardea. Stamens 2, ascending : one cell of each anther is eitlier 
w-anting or it is widely separated from the otiier. 

Salvia verhenaaea, the Wild Sage, is common. Rosmarinus ojjicinalist the 
common Rosemary, is exotic. 

Tribe 6. ^epetcce. Stamens 4, ascending ; the posterior two are the 
longer. 

Nepeta Cataria, the Catmint, occurs in hedges ; and Glechoma hederacea, the 
Ground Ivy, is very common. 

Tribe 7. Stachydea, Stamens 4, ascending ; the anterior two are the 
longer : upper lip of corolla usually arched (ringent). 

Lainitim alburn^ the Dead-Nettle, and pnrpureim are very common. Various 
species of Galeopsis, Stachys, Marrubium (Horcbonnd), Ballota, Medittis. and 
Lconurus, are found in England. 
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Tribe 8. Scutellarite, Stame&s 4, ascending: calyx closed when the fruit 
is ripe. t 

In the genus Scutellaria, the anthers of the anterior pair Df Stamens are 
unilocular ; palericnlata, the Common Skullcap, and S. minors the Lesser 
Skullcap, are common. In the genus Prunella each filament has a small tooth 
below the authors : P, vulgar in is common. • 

Tribe 0. Ajugoidea. Stamens 4, ascending ; the posterior two are the 
shorter : upper lip of corolla very Khort. 

Ajuga regtanSy the Creeping Bugle, and Teacriuni Scorodonia, the Wood 
Germander, are common. 

Order 2. Vkkhenace-®. Stamens four, didynamous, or two: 
ovary 1 or 2-locular, with two ovules in each loculus, or spuriously 
2 or 4-locular in consoquciicc of the presence of false dissepiments, 
with one ovule in each loculus: endosperm small or absent: the 
frnit separates into 2 -4 segments (achaenia) : style terminal : leaves 
usually opposite. 

Verbena olficinalh, the Vervain, is common on waste ground and roadsides : 
V. Aubletia is a common garden plant. Tectona grandis^ the Teak-tree of the 
Bast Indies, lias a hard wood used in ship building. 

Orders, (iLonuriAiiiKiE. Stamens four, didynamous ; ovary uni- 
locular, vvith one suspended ovule : style lateral : seed with en- 
dosperm: leaves scattered, intloreseence capitulate. 

Glohularia vulgurix aud cordifoHa with radical leaves occur here and there 
in dry places on the Continent. 


Order 4. PbANTAGiNE^. Flowers Jictinomorphic and apparently 
tetramorous, but the true interpretation of them is deduced from 



Fig. 216 .— Flower of Plantago : a axis of the 
Inflorescence (scape) ; d bract ; k calyx ; c 
corolla; st stauions; n stigma (mag.). In the 
diagram, o is the upper, and u the under lip. 

seed with endosperm. 


those of Veronica : the posterior 
sepal is suppressed, as also the 
posterior stamen ; the two pos- 
terior petals cohere to form an 
upper lip which is quite similar 
to one of the lobes of the 
tliree-lobed lower lip ; stamens 
four, the two anterior not being 
suppressed : ovary unilocular or 
spuriously 2-4-locular: ovules 
solitary aud basal, or numerous : 
fruit a capsule with transverse 
dehiscence, or an acliaeuiuni: 


Plantago laneeolata (Eibwort), major, media, the Plantains, are weeds uni- 
versally distributed. The leaves form a rosette just above the root, and the 
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Ibng sc»pe8 spring from their axils bearing simple spikes (Fig. 216 a, d). In 
P. Cyndps^PsyUiumy and others, the main stem is elongated : the testa of the 
seed is mucilaginous. In Litorella lacnstrig the flowers are moucecious; it 
grows on the bottom of shallow waters : fruit 1- seeded, indchiscent. 

Cohort 2. Personales. Flowers pentnuierous, zygoniorpluc, 
with medifin symmetry: stamens epipelsilous : the post(*rior stamen 
is usually abortive, or appears as a stamiiiotle : carpels 2, median : 
ovules usually indefinite. 

Order 1. Scropiiularixe^. Ovary bilocular, with numerous 
anatropous ovules borne on axile phiccniiu: seed witli enilosj)erm : 
stamens four, didynamous, often with a rudimentary fifth posterior 
stamen (Fi^. 218 sf.)\ sometimes only the two lateral siamons 

are present; rarely all five are fertile: general floral formula as in 
Lamiales. 

Sub-order 1. ANTimmiNKAS. The posterior petals, forming tho iipi'er lip of 
the corolla, are usually outsido the others in tho bud (coehleur lestivation). 

In the genus Verbascum, the Mullein, the flower is imperfectly zygomorpliic, 
the 5 stamens are unequal in length (2 long, S shortl : V. TIuipsm, tho Great 



Fig. 217.— F.orul diagrams, il Of most Scropliului inero. li Of Veronica. C Of thu Ijoiitii 
bulariejfi; o upper; u under lip. 


Mullein, V. Lyclinith, the White Mullein, and V. iwjrxm, the Dark Mullein, 
occur on banks and waysides. Antirrhinum, the Snapdragon, has a projection 
on tho lower lip of the corolla termed the palate ; the corolla is gibbous at the 
base; stamens 4 (Fig. 218 A I)): A. niajtiSf the great Snapdragon, is a well- 
known garden plant. Liiiaria has a spurred corolla ; stamens 4 : L. vnlyaris, 
the yellow Toad-Flax, is common in fields. In Gratiola the two anterior 
stamens are repre.sentcd by staminodcs. Paulownia imprrialu is an ornamental 
flowering free from Japan. Many species of Mimulus (Musk), Calceolaria, and 
Pentastemon, arc cultivated. 

Sub-order 2. Rhinanthe/e. Corolla with imbricate icstivation. Digitalis 
the Foxglove, has an obliquely campanulate (digitaliform) corolla; stamens 4; 
D. pwfurea is common in woods; the yellow D. fjraiidijlora is cultivated. 
Scrophularia* has a globular corolla; S, nodosa (Figwort) and S.aqxmtiea are 
common. Veronica, the Speed-well, has only the 2 laternl stamens, and the 
two lobes of tho upper lip of the (rotate) corolla are united ; the posterior lobe 
of the calyx is suppressed (Figs. 216 C, 217 B)i V. Anagallts and P* 
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Beccithunga are common in ditlshes, V. arvensis, agrestU^ serpyllifolia, ana 
others in pastures and lields. c 

ri 

Pedicularis has a 5-toothed calyx, and the upper lip of the corolla is galeate ; , 
Euphrasia, the Eyebright, has a 4- toothed calyx, the upper lip of the corolla has 
two spreading or rellexed lobes : Bartsia has a 4-toothed calyx, the upper lip of 
the ringent corolla is entire or only notched : Bhinanthus, the Battle^ has a 



Pie. 219,— Flowers of Scropliiilarineje. A Antirrhinum: k calyx; r tube of the corolla, 
gibbons at the base (h); o upper; u under lip of the corolla ; g prominence of the under lip. 
I? Upper lip of the same, Been from within : s the two longer anterior stamens ; a* the short 
liiteral ones; at rudimentary posterior one. C Flower of Veronica: k calyx; u u u the 
tlireo lobes of the lower lip ; o the lobod upper Up ; s a the two lateral stamens ; n 8ti.^ma. 

4-toothcd inflated calyx : Melampyrum has a 4-toothed tubular calyx, and the 
capsule is few-seeded : all these plants possess chlorophyll, but they are more or 
less parasitic upon the roots of other plants. squamaria does not 

possess chlorophyll ; it is of a pale rose colour, with slightly bluish flowers ; it 
is parasitic on the roots of trees, especially of the Hazel. 

Order 2. Bioxoniace.®. Stamens generally four, didynamons: 
seeds usually winged, without endosperm. Woody plants or 
climbers. 

Catalpa hignonioides is an ornaracutal tree from North America. 

Order 3. Acanthace®, Stamens four, didynamons : ovules few 
on projecting placentie : seed without endosperm. Herbs. 

Acanthus mollis and other species from Southern Europe, are 6rnamenta1 
plants. 

Order 4. Gesnerace®. Stamens usually four, didynamons, or 
sometimes two only; ovary unilocular, with numerous parietal 
ovules. Generally herbs with opposite leaves. 

Columnea Schiedeana, Achimenes, Ligeria, and others are ornamental plants 
from tropical America. 



GROUP IV. — PHANEROGAMS. 


269 


• Order 5. Oromnche.®. Plants wliiclT are parasitic on tlic roots of 
other plants, destitute of chlorophyll, with scales instead of leaves, 
.otherwise similar to the foregoing. 

Ordbanche ruhens and cruenta (Broomrapes) on Leguniinosip, litcorum on Bor- 
beris, Hederce on Ivy, ramosa on Hemp ; mostly of a brownisli or wliitisli hue. 

Order 6. LEXTinuriARiEvE. Only the two anterior stamens are 
developed (Pig. 217 G) : ovules numerous on a free eoiitiul 
placenta: seed without endosperm. 

The numerous species of Utricularia 
are floating Wcator-phints with finely 
divided leaves bearing bladder-like 
appendages which servo to catch small 
aquatic animals (Fig. 210). Vintjuicida 
vuljjaris and alpina (Buttorworts) are 
small plants with rosettes of radical 
leaves growing in damp places. 

Cohort 3. Polemoniales. 2 l 5 ).~nia(l(lor 8 of UtncuUMia. A 

. . OntMitle view : » podicel ; o cntnuico; i aiul b 

h lowers actinomorphic, or ll zygo- appontlnk'os. B section? « a viilvo 

raorphic, not so in the median opening inwaras atul proventins the exit of 

plane: flowers pen tamerous : sta- 

mens epipetalous : ovary of two, rarely five, car]>els: leaves usually 
scattered and cxstipulato : the inllorescmico is olteii cymoso, with a 
terminal flower: formula ii(5) (0(5) d5) 0^ to (5). 

Order 1. CoNVOLVULACiiiE. Usually two median (lai'pels forming 
a bilocular ovary, with 1-2 anatropous ovules in each loculus : the 
corolla has usually a contorted ajstivation, twistcid to the right: 
fruit a septifragal capsule or a berry: seed with endosperm. 
Commonly climbing jjlants with milky juice. 

Convolvulus arvensiSf the lessor Bindweed, and Calysterjia scpiuin, the larger 
Bindweed, the former with small bracts, the latter with largo bracts wbicii invest 
the calyx, are common wild plants. UataUts eduUs is cultivated in tropical 
Ameiica for its edible tuberous rhizome, the sweet potato. 

Order 2. CuscutEjE. Parasites destitute of chlorophyll, with 
rdiform stems, which attach themselves to other plants by means of 
roots, and derive their nourishment from them : the small flower.s 
are arranged in fascicles (Fig. 220 h) : the corolla lias imbricate 
BBstivation: fruit a capsule with transverse dchiscenec. 

Cmcuta ettropaaj the greater Dodder, which occurs commonly on Nettles and 
Hops, is widely distributed : C. epilimm is the Flax Dodder, and C, &pithyvnim, 
the lesser Dodder, occurs on various low-growing plants such us Clover, which 
it often destroys. 



270 


PART 17. — THE CLASSIFICATION OF PLANTS. 


Orders. PoLRMONiACEiE. ‘Ovary triraerous and trilocnlar, with 
one erocii or several oblique ovules in each loculus : capsule loculi- 
cidal. Mostly herbs without milky juice. 

Polemonum caeruleiim is Jacob’s ladder ; various species of Phlox are common 
frardeii plants. 

Order 4. Solanaceas. Ovary consisting of two obliquely placed 
carpels, bilocular, with numerous ovules attiichccl to the septum : 
the septum sometimes projects so far into the cells that tho ovary 
appears to be quadrilocular, as in Datura : ovules campy lotropous ; 
fruit a capsule with various dehiscence, or a berry: seed with 
endosperm. Herbs, occasionally woody plants, without milky juice. 
Inflorescence cymose, but complicated by the displacement of the 



Fio. 221.— /i Upper portion of a flowerhi^ etom of Atropa Belladonna. B Dingramof tbe 
same stem : 1 2 3 the flovrers ; a and p the bracteoles and bracts. From the axils of p 
spring tho now floral axes, along which the bract p is displaced. 


bracts. Fig. 221 1?, for instance, is a diagram of the inflorescence 
of Atropa ; the main axis which terminates with the flower 1, bears 
a bracteole la and a lateral shoot terminating in the flower 2 ; this 
springs from tho axil of a bract 1)8, which, however, is not inserted 
at tho base of its axillary shoot (the point of tho arrow indicates 
its proper position), but is displaced upwards until it is close under 
the bracteole 2a; -this displacement is repeated throughout the 
whole system of; the'cyme, so that in Atropa there are always two 
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leaves below each flower, a larger one (Fig. 221 A la, 2a, and so on), 
arliich fe the bracteolo of the flower, and a smaller one (Fig. 221 A 
.0/?, 1^, etc.), which is the bract from the axil of which the 
flowering- shoot springs. In other of the Solanete similar arrango- 
ments,are found. Most plants of this order are poisonous. 

Tribe 1. Solattea. Fruit a berry. In the genua Solanmn tlio nntliers are 
ayngenesious : S, Dulcaviara, the Bittersweet or Wootly Niglitshailo, has a blue 
flower, and S, nignim has a white flower ; both are common : S. tuberosum is 
the Potato-plant. Phijsalis Alkekcugi, the Winter Cherry, has an inflated red 
calyx which encloses the berry. Lijcopersicum csculeutum i< the Tomato. The 
fruits of Capsicum longinn and ttnnuum are known as Chili Pei)i)t;rs, Atropa 
is the Deadly Nightshade; the anthers are noft syngciK'sious, and 
the corolla is campanulate ; the berries are black and very poisonous. Lycium 
harharum is a shrub belonging to Southern Europe which has become wild in 
places in the North. 

Tribe 2. Nicotianea. Fruit a 2-valved locnlieidal capsule. 

Nicotiana'Tabaciim is the Tobacco plant (Fig. 1118 11). Petunia is commonly 
cultivated. 

Tribe 3. Daturece, Capsule almost quadrilocular in consequence of the out- 
growth of the septum, 4-valved. 

Datura Stramonium is the Thorn-apple. 


Tribe 4. Ihjoscyamea. Capsule dehisces transversely. 

Hyoscyamus niger is the common Henbano. 

Order 5. AspERiroLTiE (Bo- ni 

RAQlNEiE). Ovary consisting 
of two median carpels, 
spuriomsly quadrilocular in (/ 

ctfnseqnence of a constriction ^ ^ ^ 

along the dorsal sntnro of j swl 

each carpel (Fig. 222 0, r) : 

the single style arises from A A \ 

the incurved apices .of the 

cai-pcls, and is snrronnded at 22,._XFlo,vc.ra£At.ch,«a(sliKl.tlymaK.). 
its base by the four loculi fc calyx; c corolla; b the scaly appeiKhiKCS. B 

(Fiff. 222 B): each loculus Fruit of Myosotls (mag.) : t the receptacle ; m m 
° ^ ^ the four achronia ; ij the Ptyle. C Diagram of tlie 

contains single snspended quadrilocular ovary in trans. scci ion; r the dor* 
anatropOUS ovule: when the b »1 sutures ; pp the plnccntas; s the ovules. 

fruit is ripe the loculi separate completely, and appear to be four 
acheeiiia: seed without endosperm: the corolla usually has four 
scaly ligular appendages at the junction of the limb with the tube 
(Fig. 222 h) : inflorescence cymose, scorpioid and often very com- 
plicaied. Herbs or shrubs generally covered with harsh hairs and 
only rarely glabrous, e.g,, Myosotis j^alusU ii. 
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Sub-order 1. Euiietoide;e:. Style at the apex of the ovary. » 

lieliotropium peruvianuni^ a well-known garden plant with fragrant flowers. 
Sub-order 2. Boraginoideai:. Style inserted between the four locuU. 

Myosotis is the Scorpion-grass; M. paliistris, the Forget-me-not, occurs in 
damp places, M, sylvatica in woods, and M. arvensU and others in fields. 
Lithospernium arvense (Grom well), L. officinale^ Echiam vulgare (Viper’s Bugloss), 
Ly cops is arvensis (Common Bugloss), Gynoglossum officinale (Hound’s-tonguc), 
are common weeds. JJorago officinalis is the Borage. Anchusa ojfficinalis, the 
Alkanet, is rare. 


Cohort 4. Gentianales. Flowers actinomorphio : perianth and 

andraioiiim usually 4- or 5-merous : corolla with frequently contorted 

ODstivation (to the right) : stamens inserted 

on the tube of the corolla : carpels two : 

leaves commonly decussate and exstipulate : 

formula jqS) (6X5) ri5) 6^1^. 

Order 1. GKNTiANKiE. Carpels perfectly 

connate, forming a uni- or bilocular ovary . 

ovules parietal, numerous, anatropous : seed 

Fift. M3.— Corolla of En/. endosperm. Usually herbs without 

threta Centauriiim spread out i ..i . • i 

rtubej «iimb; a stamens. milky 3uice: leaves almost always entire. 



Sub order 1. GENTiANEis. Leaves decussate : corolla with contorted eesti- 
vation. 

Gentiaiia, the Gentian, has a bilobed stigma; it occurs in mountainous 
districts. Krythrma has a capitate stigma ; E, Cen taurhm^ the common Centaury, 
is common in pastures. 

Sub-order 2. Menyanttiras. Leaves spiral : corolla with valvate jEstivation. 

Menyanthes tri/oliata^ the Buckbean, with ternato leaves, is common *in 
marshes. 


Order 2. Loganiace^e. Corolla with usually vhlvate aestivation. 
Ovary 2-4- locular, each loculus containing one or several ovules; 
seed with endosperm (Fig. 157 .^1). Mostly trees with opposite and 
usually exstipulate leaves. 

Semen Strychni or N'nx vomica^ the seed of Strychnos Nux vomica in the East 
Indies, is extremely poisonous. The South American Indians poison their arrows 
with the sap of the cortex of Strychnos guyaneusis, under the name'^bf Curare. 

Order 3. ApocYNEiE. Corolla with contorted aestivation. The 
two carpels .are usually connate only by their styles, which become 
free as they ripen; seed usually devoid of ehdosperm. Herbs or 
shrubs with miiky juice. 

Nerium OleamUjr is an ornamental slirub. Vinca minor and other species, the 
Periwinkles, are cominon>crepping plautr, wild and in gard^ua 
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^ Order 4*. Asclepiadk.ic. Corolla wjjbh usually imbricate rosti- 
vation.^ The two carpels usually form two distinct monomerous 
ovaries ; "Styles short, united into one stigma : stamens connate, 
'forming a tube surrounding the gyncnciiiin, having pouch-shaped 
(Fig. 224 Bj t) and spur-shaped (Fig. 224 7i, //) appendag(‘.s : 
anthers 2-4-locular; the pollen 
of each sac forms a mass (pol- 
linium), and the masses of tiach 
pair of contiguous sjics adhere 
(Fig. 224 Gfp,p) and are con- 
veyed by insects to the stig- 
mas : ovules numerous, ^ at- 
tached to the ventral suture: 
seed usually without endo- 
sperm. Generally woody 

plants, often climbers with ^’*6. 221— A Flower of Asclepian (mag.) ! c 
... the refloxeil corolla; n stigma; h the H])urs, t 

jmue. pouches of the stamens. J? A solitary sta- 

Ascl^ptas syriaca and other species ^ l^ollon-masses, p ami p. 

are grown in gardens, also lloya carnosa, the Wax flower. Stapelia has a fleshy 
cactus- like stem. 



Order 5. Oleace^. Calyx and corolla usually 4-morous, some- 
times wanting; corolla with valvate ccstivation : sbimens and carpels 
2, alternate: ovary bilocular: ovules, 2 in each loculus, suspended 
and anatropous : fruit a capsule, a berry, or a drupe : seed with 
endosperm : stem woody : leaves always deeu.ssate. 

Sab-order 1. Olrinea. Fruit a berry or a drupe. 



Fxo. 226.— A Flower of Fraxinw Omits (enlarged): k calyx; c corolla; at stamens; f 
ovary ; n stigma. B Hermaphrodite flower of Frtueinua excelsior, the common Ash ; an 
anthers s /ovary ; n stigma (enlarged) Floral diagram of the 01eace». 
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Ligustrum has a baccate fruit ; L. vulgare, the Privet, is a commoti shrub. 
Olea has a drupaceous fruit ; 0*. europaa is the Olive-tree of the East and (If 
Southern Europe. ^ • 

Sub-order 2. FiiAxiNEiB. Fruit a capsule, or winged and indehiscent (samaray 

The genus Fraxinus has a winged fruit ; ii^F. excel/iior^ the commpii Ash, the 
perianth is suppressed and the flowers are polygamous ; in F. Ornus, the Manna 
Ash of Southern Europe, the perianth is complete, and the corolla is deejAy cleft 
(Fig. 225 A), The fruit of the genus Syringa is a 2-valved capsule ; the limb of 
the corolla is 4-lobed ; S. vulgans is the Lilac. ^ 

Order 6. Jasmine J i. Calyx and corolla 4 -5-nierous ; corolla witl^ 
^mbricjite ABstivation ; stamens and carpels 2, alternate ; ovary 
bilocular: ovules, 2 in each loculus, erect, anatropous; fruit a" 
capsule or a berry i seed without endosperm. Shrubs, often climb- 
ing, with scattered leaves. 

The flowers of Jamimm grandiflorum and other species belonging to Southern 
Europe contain a very fragrant ethereal oU. 

Cohort 6. Ebenales. Flowers actinomorphic, 4-8-merons , 
formula often iC(4) 0(4) il4 + 4, G^-‘^ the outer stamens being 
sometim^B suppressed : stamens epipetalons . carpels opposite to the 
sepals: ovaiy multilocnlar, with one or two suspended ovules in 
each loculus ; fruit usually fleshy 

Order 1. Sapotejj. Tropical trees with milky juice. 

Isonandra Gutta, an East Indian tree, yields Gutta-percha. 

Order 2. EsENACEiE. Trees ; flowers generally diclinous. 

Diospyros Ebenum iu the East Indies yields the wood known as Ebony. 

Order 3. Styuage j;. FloAvers perigynous or epigynous : tPeoa, 

Gum Benzoin is the resin of Stgrax Benzoin in the East Indies. * 

Cohort 6. Primulales. Flowers actinomorphic, usually pen- 
tamerous: formula (0(5) AO + 5) G^: stamens inserted on 
the tube of the corolla and opposite to its lobes ; ovary consisting 
of five connate carpels which are opposite to the sepals, unilocular, 
with a free central placenta or a single central ovule. 

Order 1. Primulacej). Style single ; ovules indefinite, on a free 
central placenta (Fig. 148 0) : the corolla is gamopetalous, tubular 
below, expanding above into a 5-lobed limb which is wanti&g only in 
Glanx: the anthers (Fig. 226 a) are adnate to the tube of the corolla 
«.nd are opposite to its lobes ; this position of the stamens is ex- 
/ylained by supposing that an outer whorl of stamens (whioli is 
represented m4)he following order by petaloid staminodes) is here 
Buppressed : fruit a capsule. Herbaceous plants with ((onspicuoas 
flowers. 
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^ The genus Primula has a S-valved dehiscent capsule, and a 5-cldft calyx. 
Vrimula eluti>r and P. verb are the Oxlip and the Cowslip ; they are remark- 
ftblo in fiiaA they are heterostyled ; that is, that in somo dowers (Fig. 226 P) the 
• style is as lung as the tube of the corolla, and the staiucns are situated at about 
half the height, whereas in others (Fig. 226 A) the stylo is only half the length 
and the anthers are inserted in the throat of the corolla : fertilisation only takes 
place when the pollen of the anthers which correspond in their position to the 
length of the styles is applied to their stigmas. The capsule of Anagallb 
arvemis, the Pimpernel, dehisces transversely (pyxidium). Cyclamen eurojxeum^ 
,j;_tho Sow- bread, lias an underground tuber ; the lobes of the corolla are retlexed. 
Lysimachia has a deeply 5 cleft calyx. Trientalis has usually a 7-merous 
dower. 

Order 2. MYRSiNKiE. These plants differ from the preceding in 
tliat the fruit is baccate and the stem woody. 

Ardisia, with red berries, is a well-known ornamental plant. 



*PiQ, 228.— Dimorphic flowers of Primv la eUtior In longitudinal section. A Shnrt.stylod. i 
B Long'Styled form; fe calyx; c corolla; a anthers; / ovary; g stylo; n stigma. Floral 
diagram of Primula. 

Order 3. PbUMBAGiNEiE. Styles five: there is a single basal ovule 
in the cavity of the ovary : flowers often small, in dense inflores- 
r»onces with numerous bracts. 

In the genus Armcria tlie flowers are in capitula, which are surrounded by an 
involucre formed of the lower scarious bracts ; A, vulyariSj the Thrift, occurs on 
Bandy soils. Staticc, with one-sided spikes, occurs on sandy sea-shores. Plum- 
bago oceuft in Southern Europe and in the East Indies. 

Cohort 7. Ericales. Flowers 4-5-merous, actinomorphic : sta- 
mens usually in two whorls, and usually hypogynous: carpels 
opposite to the petals: formula K{n) (7(n) iln + n | 6r(n), where 
n = 4 or 5: ovary superior or inferior, multilocular, with large 
projecting axile placentas: seed with endosperm: anthers usually 
appendioulate. 
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Order 1. Ertcaceji;. Antters generally opening by two pores at 
the top (Fig. 227 A), furnished with appendages: fruit a loculicida*! 
capsule, or fleshy. • 

Tlie genus Erica lias a 4-]obe(l corolla and a loculicidal capsule : Erica cinerea^ 
TetraliXf and Galkina vulgaris^ the common Heath or Ling, occur on heaths 
and moors. Arctostaphylas Vva Ursi is the Bearberry ; its fruit is a* berry. 
Arbutus UnedOf the so-called Stra\Yberry-tree, belongs to Southern Europe. 

Order 2. Epacrideas. The whorl of stamens opposite the petals 
is usually wanting : the anthers open by one fissure only. Austra- 
lian plants. 

Order 3. Rhodoraceas. The anthers usually open by two apical 
pores, iind have no appendages : fruit a septicidal capsule. 

Rhododendron ferrugvienm and hirsutum^ the Alpine Rose, are wild on the 
Continent; other species of Rhododendron and Azalea from India and the 
southern shores of the Black Sea are cultivated. 



S 


Fig. 227.— a Flower of Erica: « pedicel; h calyx; t corolla; a anthers. B Fruit of 
Pi/rola rotundi/olia ; 8 pedicel; Ic calyx ; / fhiit, the loculi of which alteimte with the sepals ; 
g stylo ; n stigma. G Flower of VacdnvMi Myriill'M: /ovary (inferior); h calyx ; o corolla. 
Floral diagrom of Erica : the stamens opposito to the petals are faintly shaded. 

Order 4. Pykolace 2 E. Sepals more or less distinct : petals com- 
monly connate at the base only: anthers without appendages, 
gonorally dehiscing transversely or by .pores : fruit a loculicidal 
capsule : seed minute, with an extremely small embryo, consisting 
of only a few cells and a relatively massive integument^ Sapro- 
phytes containing chlorophyll. 

Pyrola rotundi/olia, secunda, minor, and unijlora, the Winter-greens, are found 
in woods. 

Order 5. Monotrope^. Saprophytes devoid of chlorophyll, with 
flcale-like leaves, otherwise resembling the Pyrolacese. 

Mcnotropa Hypopityn, the Bird*8-nest, is not very oommon in England. 
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• Order 6. Vaccinie.b. Ovary inferior (Fig. 227 G) : anthers with 
appendages (Fig. 141 il), usually opening by two pores: fruit a 
berry. 

Vaccinitim Vitis-Llaa is the reel Whortleberry or Cowberry; it usually 
blossoms and bears fruit twice in the year. V. MurtUlua is the Bilberry or 
Whortleberry, with deciduous loaves. T. Oxycoccos, the Cranberry, and V. 
uliyiiwiiiunt the great Bilberry, are low shrubs occiuTiug on moors. 

SERIES II. EPIGYN.E. 

Ovary inferior. 

Cohort 1. Campanales. Flowers actinomorphic or zygomorphic, 
pentamerous : sepals leafy and narrow : stamens usually free from 
the corolla, but often connate : ovary of two to five carpels, inferior: 
formula 7C(5) C(5) ^(5) to 

Order 1. CAMPANULACE/i<h Flowers usually actinomorpliic : sta- 
mens five, often connate at the base: ovary usually triloeular, with 
numerous ovules ; placontation axile : fruit a capsule : seed with 
endosperm. Mostly herbs with milky juice. 



Pio. 228.— AndrcBcium and gynoecium of Campanula: / Inferior ovary; c Insertion of the 
corolla; a anthers ; h expanded hasc of the stamens; n stigmns (mag.). 

Campanula rotundifolia, the Hare-bell, glomerata^ and other species are com- 
mon in fields, on heaths, etc., etc. : C. media is the Canterbury-bell cultivated 
in gardens. Phyteuma orhicnlare^ $picatum^ the Rampions, arc indigenous in 
parts of England ; the flowers are in capitula, and the calyx is deeply 6-cleft 
with sprewling teeth : nearly allied is the genus Jasione ; J. montuna^ the Sheep’s- 
bit, is common in England. Specularia has a rotate corolla ; S. speculum^ 
Venus's Looking-glass, is cultivated. 

Order 2. Lobeliacejs. Flowers zygomorphic (Fig. 230) : the 
corolla commonly forms a tube which is more or less cleft on one 
side, and the limb is divided into two lips, the lower one consisting 
of three lobes (Fig. 230 A, u) and the upper of two smaller onea 
(Fig. 230 Af o) : at their first formation the position of these parts 
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IB exactly the reverse, but in the 



calyx; 0 upper, n iiiulcr lip of the corolla; s 
Btainens. B Anclroccium and gynoecium of 
tho same : sir tube funned by the stamens; an 
anthers (mag.)« 

and L. urens, the acrid Lobelia, occur in s 


irse of development the pedicel 
undergoes torsion, so tiisSt those 
parts which are originally pos- 
terior become anterior, and vice 
versa : anthers syngenesious 
(Fig. 230 B. sr) and unequal in 
consequence of the zygomor- 
phic structure of the flower; 
ovary 1, 2, or 3-locular, with 
numerous anatropous ovules: 
fruit a capsule : seed with en- 
dosperm. Herbs or shrubs 
usually with a milky juice. 

L. Dortmannif the Water Lobelia, 
me parts of England. 


Cohort 2. Asterales. Calyx 



Fie. 231.— >l Flower, B Fruit of Valerian: / 
ovary; fc calyx; c corolla; a spur; st stamens; 
9 style; p pappus. Floral diagrams, A of 
Valerian ; B of Conti anthns. .. 


inconspicuous, often wanting: 
stamens epipetalous, alternat- 
ing with the segments of the 
corolla : ovary unilocular, ovule 
solitary. 

Order 1. Valerianb^, 
Flowers zygomorphic or ir- 
regular, originally pentamer- 
ous: calyx wanting, or some- 
times assuming the form of *a 
hairy corona of ten rays, called 
a pappus, which is not de- 
veloped until after flowering 
(Fig. 231 B, p), during flower- 
ing it remains short and in- 
folded (Fig. 231 A, Ic ) : only 
three stamens are usually de- 
veloped: carpels thrte, form- 
ing a trilocular ovary, of which, 
however, never more than one 
loculus developes ; ovnle single, 
suspended (Diagram Fig. 
231) : seed without endo- 
sperm: leaves decussate, ox- 
stipulate 
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Valeriana q/TicinalU, and dioiea, are common in damp places. Valeriauella 
bas a foo^hed calyx-limb ; many species are common in fields : ValerianeHa 
elitoHa, Gornsalad, or Lamb’s lettuce, is eaten. Ceviranthus ruber is an orna- 
mental plant; only one stamen and one carpel are developed (Fig. 231, Diagram 
B ) ; at the base of the tube of the corolla is a spur which is indicated in 
Valerian^ by a protuberance. 

Order 2. Dipsace^ti:. Flower originally pent amorous, and sur- 
rounded by an epicalyx (Fig. 2U2 Icj formed of connate bracteoles : 
cjilyx often plumose or bristly (Fig. 232 /*:) : corolla bilabiate : 
stamens only four, the posterior one being suppressed: ovary 
unilocular, with one suspended ovule: seed with endosperm: leaves 
decussate, exstipulate : flowers in a dense c.apitulum surrounded by 
an involucre: the outer florets are usually ligulate: the reccptaclr 
may or may not bear scaly bracteoles : fruit invested by the epicalyx 
which is cleft longitudinally. 

Dipsacus, the Teazle, liaa a calyx without bristles ; the capitula of Dipsacun 
Fullonum are used in finishing woollen cloth, for the sake of the strong hooked 
spines of the bracteoles : /). silvestrU is common on waste ground. Scabiosa has 
palc89, and the projecting limb of the epicalyx is dry ; S. Columbaria is common 
in pastures. In Succisa the limb of the epicalyx is herbaceous ; S» pratensU 
occurs in damp meadows. Knautia has paleie ; epicalyx entire : JC arvensu is 
common in fields. 

Order 3. Composites. The flowers are always collected into many- 
flowered capitula (sometimes only 1-flowered) : in the same head, 
hermaphrodite, female, and asexual flowers generally occur : ovary 
inferior, unilocular, with a basal, erect, anatropous ovule : the calyx 
is rarely present in the form of small leaves or scales (Fig. 235 V,p); 
more commonly it is a crown of simple or branched hairs (Figs. 233 
p, and 236 E, p), and is not developed till after the flowering is 
over ; it is termed the pappus : sometimes the calyx is wholly want- 
ing: corolla tubular, either regular, and 5-toothed (Figs. 233 c, 
235 (7, w, c), or expanded at the upper end into a lateral limb with 
3 or 5 teeth (Figs. 233 J?, 235 m), (Fig. 235 A^ c), when it is 

aaid to ligulate: the stamens are short, inserted upon the corolla 
(Fig. 233 A, sf); the anthers are elongated and syngenesious, 
forming a tube through which the style passes (Figs. 233 Ay a, 235 
Ay a) : this is bifid at its upper end (Figs. 233 A, n, 235 A and 0 u) : 
on each of these branches the stigmatic papillae are arranged in two 
rows : in the wholly female flowers the styles are usually shorter 
(Fig. 233 By g) : fruit an inferior achene (cypsela), crowned by 
^he pappus (Fig. 235 E and D. p) when it is present (Fig. 235 Fyf): 



280 


PART IV. — THE CLASSinCATlOU OF I’fiANTS. 


sometimes the fruit has its upper end prolonged into a beak, and it*s 
surface is covered with ridges or spines (Fig. 235 h) : seeS with- 
out endosperm. 

Usually herbs with scattered (more rarely decussate), oxstipulate 
leaves, often with milky juice. The capitula are always surrtrunded 
by a number of bracts forming an involucre (Fig. 235 B, i). The 
scaly bracteoles of the individual florets (palero) may be present or 
wanting (Fig. 235 C/, d). 

The Composita) are classified according to the form of tlie flower.s 
and to the distribution of the sexes in the inflorescence. 


Pig. 232.— Flower of 
ScabioBR (map.) : / ovary j 
k epicalyx (Ion;;, sect.); 
h calyx ; e corolla ; at nta* 
sieuB : n 


Fig. 291.— Floral dia* 
gram of Compositw. 


A It 





Fio. 233.— Flower of Arnica (mag.). A Floret from the centre (disc) (longitudinal aeot.). 
B Marginal floret (ray) ; / ovary ; p pappus ; c oorolla ; a anthers n stigma ; g style j a ovule 


Sub order 1. Tubdliplor^. The capitula either consist entirely of herma- 
phrodite tubular florets (by tubular flowers are meant those with a regular 
6-toothed corolla) or the central florets (florets of the disc) are tubular and 
hermaphrodite (Fig. 233 A), whereas the florets of the ray are ligulate and female 
or asexual, and form one or two rows (Figs. 233 235 ra). 

Tribe 1. Eupatorieoi. Leaves mostly opposite : flowers all tabular, herma- 
phrodite : the branches of style narrow ; papillss extending to the middle. 

Eupatorium Canmibinum, the Hemp Agrimony, is common in damp places. 

Tribe 2. Tussilagwete, Leaves alternate, radical : ray-florets female, some- 
tiroes ligulate : the branches of the style are bifid at the tips. 

Petasites vulgaris^ the Butter-bnr, and Tumlago Far/ara^ the Golt*s-foot, are 
eommon in wet fields. 

Tribe 8. AtUroiaea. Letives alternate ; ray -florets female or neuter, generally 



^iROUP IV. — PIfAlVBWOGlAMS. 


281 


ligulate : branches of the style hairy above, papillfe extending to where the hairs 
begin. Itfany species of Aster, belonging chiefly to North America, are cultivated 
as ornamefltal plants, as also Callistejthus Chinensist commonly known as the 
'China Aster. Krhjiron acriSf alpimts and canademU occur in England; the 
last is an imported weed. Beilis perennis, the Daisy, is universal. Solidago is 
the Golden Kod. 

Tribe 4. Senecionidea* Leaves alternate : ray-florets in one row, ligulate 
female, rarely absent : branches of the style tufted at the tips. 

Senecio vulgaris, the Groundsel, is universal ns a weed. Arnica montana 
occurs in Alpine woods. Two species of Doronicum have become naturalized in 
England. 



Pig. 235.— Flowers of CumpositSB: / fruit or ovary; H its beak; p pappus; c corolla; • 
stamens ; n stigmas. A Ligulato flower of Taraxacum, with a 6-toothc(l corolla-limb, herma- 
plirodito. B Gapitulum of Achillea (mag.): ra floret of the ray, with ligulato 3-toothcrl 
corolla, female ; m hermaphrodite florets of the disc, with a 6-toothed tubular corolla ; i 
Involucre. C Longitudinal section more highly magnified: r receptacle; i involucre; d 
bracteoles (pf less) ; ra floret of the ray ; m floret of the disc ; n' stigmas of the female 
flowers. D Fruit of Tanacetum, with a scaly pappus. E Of Taraxacum, witli a hairy 
pappus. F Of Artemisia, without a pappus (mag.). 

Tribe 5. Antliemidea. Leaves alternate : ray-florets female, ligulate or tubu- 
lar : branches of style tufted at the tips : pappus 0, or minute. 

Artemisia Ahsy lithium, WoTmvrood, A. vulgaris and eampestris are common; 
Chrysanthemum Leucanthemnm, the Ox-eye Daisy, is common in fields. MatrU 
earia Chamomilla, the Wild Chamomile, has a hollow conical receptacle 
destitute of nolees. Anthemis nohilis, the Common Chamomile, has a receptacle 
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bearing paleae, as also A, arvensis, the Corn Chamomile. Achillea Millefoli^Xm 
ia the Milfoil. Tanacetwn vulgare is the Tansy. ^ • 

Tribe 6. Helinnthea. Leaves opposite: ray-florets 0 or ligulate, yellow, 
female or neuter : branches of stylo as in AsteroidesB. Bidens is common in 
wet places. Galinsoga is naturalized in England. 

Helianthus annmis is the Sunflower; oil is extracted from the sedds: the 
tubers of 7f. tuherosui, a West Indian species, are rich in inulin, and serve as a 
vegetable and for fodder (Jerusalem Artichokes). 

Tribe 7. Imilca. Leaves alternate: ray-florets ligulate, female, yellow: 
branches of stylo as in AstcroidcoD. 

Inula Ileleninm is the Elecampane. 

Tribe 8. Cynar^te. Flowers all tubular, the outer ones sometimes female or 
neuter: style thickened below the branches: haves generally armed with 
spines, alternate. 

Arctium Lappa^ the Burdock, is common by roadsides; the leaves of the 
involucre ‘are hooked and spinous. Cardum nutans and crispns are common 
(true) Thistles ; Carduus {Cirsium) lanceolotus^ paliKtris, pratensis (Plume* 
thistles), are common in damp districts. Carlina vulgaris is the Carlinc ; the 
inner leaves of the involucre, which aro white, fold over the flower head under 
the influence of moisture, but in drought spread widely open. Centaurea 
Scahiosa and nigrat the Knapweeds, are common everywhere. (7. Cyanus is the 
Corn-flower or Blue-bottlo, occurring in wheat fields. Cynara Scolymus is the 
Artichoke ; the flower-buds are eaten as a vegetable. Carthamus tinctoria, the 
Safflower, is used in dyeing. In Echinops, the Globe-Thistle (exotic), numerous 
one-flowored capitula are collected into one large spherical head. 

Tribe 9. Gnaphaliea, Leaves alternate, entire : bracts scarious : flowers all 
tubular, the outer ones female ; branches of style papillose at the tips. 

In Gnaphalium, the Cud-weed, and in Filago, the capitula contain female and 
hermaphrodite flowers, but in Antcnnaria, the Everlasting, the flowers are 
dioecious. 

Sub-order 2. Ladiatiflorje. The hermaphrodite florets have a bilabiate 
corolla ; the male and female florets have a ligulate or a bilabiate corolla. South 
American. 

Sub-order 3. Liguliflora (Cichoriace/e). All the florets are hermaphrodite ; 
limb of the corolla 5-toothed and ligulate (Fig. 235 A). 

Taraxacum officinale, the Dandelion, is the commonest of wild flowers. 
Lactuca sativa is the Lettuce. L, Scariola, virosa, and others, are common 
in waste places. Scerzonera hispanica is eaten as a vegetable. Tragopogon 
porrifolium, the Salsafy, and T, pratensis, the Goat's beard, are common. 
Cichorium Intyhus, the Chicory, is found by roadsides ; the roasts roots are 
mixed with Coffee : C. endivia (Endive) is a vegetable. To this group belong 
also the genera Hieracium, Sonchus, Crepis, Lapsana. 

Cohort 3. RubialeSt Leaves generally opposite: calyx 
generally present and incised : stamens epipetalons, alternate with 
the segments of the corolla : ovary 2-8-locidar, ovules 2 — oc. 

Order 1. BuBiACEiS. Flowers actinomorphic, 4- or S-merous . 
calyx leafy or siippresi^ed: corolla with valvate aestivation: ovary 
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!• or 2-lociilar, consisting of two carpefs, 1- or many-seeded : seed 
usually ^containing endosperm : leaves decussjite, stipulate : stipules 
similar to the true leaves (Fig. 236 A, n ??.) : the true leaves are 
distinguished by the branches which arise in their axils (Fig. 236 
AJfySs). 


Sub-order 1. Stellat/r. Stipules large and leafy : loculi l-seeded. 

Galium, Bedstraw, has a rotate corolla and an inconspicuous calyx, usually 
tetramerous : G. reriim, MuWigo, Aparine^ and others are common in hedges 
and pastures. Asperula has an infundihuliform corolla, hut in otlicr respects 
the flower resembles that of Galium; -d. orfomfa, the Wood-rufI, is common. 
Ruhia tinctoruvi^ the dyer's Madder, has a pentamerous flower, a rotate corolla, 
and a baccate fruit; it 
is used in dyeing and 
largely cultivated ; it is 
indigenous in Southern 
Europe and the East; 
it is closely allied to 
the British species R. 
peregrina^ the Wild Mad- 
der. Sherardia has a 
conspicuous calyx ; S. 
arvensiSf the Field Mad- 
der, is found in culti- 
vatp^ and waste places. 

Sub-order 2. Coffea- 
CEiB. Stipules scaly : 
loculi l-seeded. 

Coffea arabicat the 
Coflee-tree of Africa, is 
grown in the tropics; 
the fruit, a berry, con- 
tains one or two 
the so-called coffee-bean 
is the seed which con- 

gists of endosperm and ‘"e *) 

, , n n the segmented stipules resembling the leaves (nat. size), 

contains a small embryo. ^ piower (mag.) : / ovary ; k calyx (rudimentary); c corolla; 
Cephaelis yields Ipeca- « anthers; V) siigma. 
chuana. 0 

Sub-order 3. Cinchone®. Stipules scaly ; loculi many-seeded. 

Various species of Cinchona, indigenous to the eastern slopes of the Andes, 
bnt cultivated in Java and the East Indies, yield the cinchona-bark from which 
Quinine is prepared. 

Order 2. CAPRiFOLiACEiE. Flowers usually pentamerous, aciino- 
morphic or zygomorphic: corolla usually with imbricate asstiva- 
tion; ovary 2*5-locular: ovules suspended: fruit baccate; scud 
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ivith endosperm: leaves opposite, usually exstipulate. Mostly 
trees or shrubs. 

Tribe 1. Sanihncea, Corolla rotate, usually aciinoxnorphic ; one ovule in 
each loculus. 

Bambucus, the Elder, has a 5-partite corolla, and 3-5 seeds in the berry : . 
S. nigra is the Elder. Viburnum has a o-partite corolla, and 1 seed in the 
berry ; V, Lantana and V. opiiluSt the Guelder Rose, arc common ; a form of 
the last species is cultivated, in which all the flowers (and not merely those at the 
circumference of the corymb as in the original species) have large corollas, and 
are barren. Adoxa moschatellina is a small plant occurring in damp woods; 
the stamens are branched. 

Tribe fl. Lonicerea. Corolla tubular, usually zygomorphic : loculi containing 
several ovules. 

Lonicera, the Honey-sucMe, has 2-3-locular ovary ; L. Caprifolium and Peri- 
ehjmrnnm, with a climbing stem, are well-known garden shrubs ; in many species 
the fruit of two adjacent flowers grow together to form a single berry (c.p,, L. 

IL 


XI 


Fio. 237.— Floral diagram of 
Gaprifoliaccee. A Lcycesteria : 
a gynoeciam of Lonicera; b of 
Symphoricarpus. 

Pio. 238.— Flower of Lonicera GapnfnUum: / ovary; fc calyx; r tube; c e the five lobes of 
the limb ; st statnens ; g style ; n stigma. ' 

aipigena). Symplioricarpus racemostts, the Snowberry, has a 4-6-locular ovary 
and white berries ; it is a common ornamental shrub. Diervilla has a bilocular 
capsule ; 2>. Canadensis and rosea are ornamental shrubs. Linncea borealis is 
a small creeping plant in Norway and in the Alps. 




SUB-CLASS III. POLYPETALiE. 

Flowers usually hermaphrodite : perianth usually consisting oi 
calyx and corolla, th^ petals being free. 

SERIES I. CALYGIFLORiE. 

Flowers epigynous or perigynous : calyx usually gamosepalous ; 
auiinens definite or indefinite : p*^noecium syncarpous or apocarpous. 
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.jOoliort 1. Umbel tales. Flowers usually actinomorphic, epi- 
gynous,4witli generally a single whorl of stamens opposite to the 
sepals: calyx inconspicuous: ovary bilocular, with one ovule in 
each loculus : a disc between the stamens and the styles : inflores- 
^ cences usually umbellate : seed containing endosperm : leaves 
exstipulate. 

Order 1. Umbellifei?/e. Formula^ K6, 05, Ab, %, : the calyx is 
generally very small, often hardly visible ; the corolla consists of 
five rather small wliite or yellow petals ; occasionally the outermost 
petals of the flowers at the circumference of the umbel Jiro larger 
than the others, and the umbel is then termed radiate: stamens 
five ; ovary inferior, bilocular : the base of the two styles is fleshy 
and thickened, forming an epigynous disc (Fig. 23i) A d ) ; one 



Pio. 239.— Flower of Poeniculura (mag); /orary; c corolla; u etamens; ct disc. R 
Fruit of Heracleum : p pedicel ; g stylo ; r r r ridgOA (costre) : rr marginal ridges ; o oil- 
ducts (vittaa) (mag.). C Transverse section of mcrlcnrp of Corum Cnrux: m surface that 
comes into contact with the other merienrp ; o vitteo; e endosperm, J) Transverse section 
of mericarp of Conium. E Fruit of Coriandrum s h margins of the surface along which the 
two mericarps are in contact; r ridges; n secondary ridges. F Section of a merienrp (mag.). 


suspended ovule in each loculus of the ovary (Fig. 148 E ) : the fruit, 
when ripe^ splits into two mcric{irp.s, each loonlus of the ovary 
being permanently closed by a median septum (Fig. 240 a). The 
structure of the pericarp is an important characteristic for the 
classification of the family. The fruit is commonly either oval in 
form (Fig. 240), or compressed (Fig. 239 B), or nearly spherical 
(Fig, 239 E ) : its surface hears longitudinal ridges (cosfm)^ five 
generally on each mericarp ; of these, two mn along the margins 
(Fig. 239 B. (7, D, rr), and ^he other three alone the dorsal surface 
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(Fig. 239 J5, t/, Z), r). In the spaces between the ridges, which 
form furrows, lie oil-ducts or receptacles (vUtce) (Fig. 239 7^, 0, o), 
and sometimes other secondary ridges (Fig. 239 E, Fy n). The 
mericarp wher ripe is filled by the seed, of which the larger part 
consists of endosperm (Fig. 239 D, Fy e) enclosing a small embryo. 
According to the form assumed by the endosperm, the following 
groups may be distinguished: the OrihospermccBy in which the 
surface of the endosperm which is directed to wards the plane of 
junction of the two mericarps, is flat or convex, as in Carum (Fig. 
239 0) : the Gampylos^pennecey in which the endosperm is concave 
towards the same plane, as in Conium (Fig. 239 i>), and the 
G<£los 2 )ermcco^ in which the whole endosperm is curved, so that it is 
seen to be concave towards this plane both 
in longitudinal and in transverse section, as 
in Coriander (Fig. 239 F). 

The flowers, with few exceptions (As- 
trantia and Eryngium), are in compound 
umbels; in some few cases, as in Daucus 
there is a solitary terminal flower which is 
black in colour : an involucre and involuceh 
are largely developed in some species, in 
others they are wholly wanting The hollow 
stem bears large leaves with generally well- 
developed sheaths and much-divided laminae. 
Rarely the leaves are entire and amplexicaul, 
as in Bupleurum, 

Sub-order I. ORTHosPERMEis. 

1. Umbels simple. 

Tribe 1, Uydvocotyle<c, Fruit laterally con. 
pressed. The genus Hydroootyle consists of maisl 
plants with peltate leaves 
Tribe 2 Saniculete Fruit nearly oylindrica' 
This group includes the genera Astrantia, Eryngium, 
and Sanicula. 



Fxo. 240.— Fruit of Carum 
Carui. A Ovary of tho flowor 
(/), B Ripe fruit. The two 
loculi have separated bo as to 
form two moricarps (m). Part 
of the septum constitutes the 
earphophore (a). 


2. Umbels compound. 

Tribes. Amminea Fruit without secondary ridges, laterally compressed: 
Bupleurum, Petioselinum, Apium, iEgopodium, Carum. Cicuta, Slum. 

Tribe 4* Seselinea, Fruit without secondary ridges, circular in transverse 
section : .ZQthusa, Fceuiculum, (Enanthe, Scseli, Meum. 

Tribe 5. Angelicete, Fruit without secondary ridges, compressed in the 
median plane, the lateral primary ridges winged, the wings of the two mericoips 
divergent : Levistioum, Angelica, Archangelioa. 

Tribe 6. Peucedan^a, Fruit without secondary ridges, compressed in the 
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iredian plane, the lateral primaiy ridges winged^ the wings of the two mericarps 
apposed : Peucedanum, Imperatoria, Anethutn, Pastiuaca, Hcracleuni. 

Tribe Silerinea, Each inericarp has four secondary ridges : Siler. 

Tribe 8. Thapsiea, Each mericarp has four secondary ridges, of which the 
external ones at least are winged : Laserpitium. 

Tribe 9. Daucineai, The secondary ridges are spinous: Daucus. 

Sub-order II, OAMPYLospEUMEyE. 

Tribe 10. Caucalinets, Secondary ridges spinous: Caiicalis. 

Tribe 11. Scandicea. Fruit without secondary ridges, laterally compressed, 
usually beaked : Anthriscus, Chaaropliylluin, Myrrhis. 

Tribe 12. SmyrhiecB, Fruit without secondary ridges, unbeaked : Conium, 
Smyrnium. 

Sub-order III. Gcelospermk^b. 

Tribe 13. Coriandrea, Fruit spherical ; secondary ridges more prominent 
than the wavy primary ridges : Coriandrnm. 

Anthriscus silvestris, Carum Gurui, the Caraway, Ileracleum spondylium, the 
Cow-Parsnip, Mgopodium Podagraria, Pastbiaca satire, are common in meadows 
and woods. The following are cultivated : Apitim gravcolans. Celery ; Petro- 
selinum sativunif PuTsley ; Daucus Carota^ the Carrot; Pastinaca oleracea, the 
Parsnip; Anthriscus cerefoHum, the Chervil The following are poisonous: 
Conium macuiatam, the Hemlock ; Cicuta virosa, the Wator-Hcmlock; Aithusa 
Cynapiaiiif Fool’s Parsley. 

Order 2. Araliacej;, Flowers generally pciitamerous ; stamens 
sometimes more numerous ; carpels more or loss numerous : fruit 
a berry or a drupe. Shrubs, sometimes climbers, with scattered 
palmate leaves. 

Iledera Helix ^ the Ivy, does not blossom till it is some years old : the umbels 
are borne on erect branches, the leaves of which are entire. Fatsia papyrifera 
is used in Japan for making a kind of paper known as rice paper; it is made 
from the pith. 

Order 3. CoRNACEiE. Flowers tetramerous, with a dimerous bi- 
locular ovary : fruit usually a drupe. Shrubs witli woody stems and 
entire opposite leaves. 

Comus maSt the Cornel, has yellow flowers which bloom before the unfolding 
of the leaves, and a red fruit. C, sanguinea and suecica are common shrubs. 
Aucuha japonica has coriaceous leaves, dimeious flowers, and a baccate fruit. 

Cohort 2. Ficoidales. Affinity doubtful. Flowers epigynous 
or perigynous, with the very numerous petals and stamens, and 
often the sepals also, arranged spirally : ovary uni- or multilocular : 
placentas parietal or basilar. 

Order 1. Cacte®. Flowers acyclic, cpigynous, with numerous 
sepals, petals, and stamens, which gradually pass into each other : 
ovary unilocular, with thi*ee or more parietal placontas : ovules 
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liorizontal ; endosperm little or none : stems of the most varioas 
forms : leaves usually represented by tufts of spines. All ^re indi- 
genous to tropical America, but many have been introduced into 
the eastern liemispliere. 

Mamillaria has a spherical or cylindrical stem on which tubercles, fl.rranged , 
spirally and bearing spines, represent the leaves. Echiuopsis and Echinocactus 
have angular ridges on which the tufts of spines grow. Cereus has an angular, 
columnar, elongated stem. Phyllocactus and lihipsalis have compressed leaf- 
like stems. Opuntia and Nopalea have flattened stems composed of a suc- 
cession of flattened ovato shoots. The Cochineal insect lives on Nopalea cocci- 
tiellifera. 

Order 2. Aizoacej) (Ficoidej;). Flowers with a simple perianth 
and usually indefinite stamens, the more external of which are often 
transformed into pctaloid staminodes : ovary mu ItiJ ocular. 

Many species of Mesombryantbemum, natives of South Africa, are cultivated ; 
in Aizoon the dowers are perigyiioua. 

Cohort 3. Pass ifl oral e$. Flowers actinomorphic, epigynous, 
perigynous or hypogynous, pentamcrous: stamens in one or two 
whorls, or indefinite ; gyncecium syncarpous, ovary usually trimerous 
and unilocular : ovules numerous, on parietal placentie. 

Order 1. Passiflorace/E. Flowers pentamcrous, perigynous ; be> 
tween corolla and androocium there is a disc consisting of a number 
of filamentous appendages : tho androecium and the gyncecium are 
elevated upon an elongation of the axis : stamens five, often mona- 
delphous, opposite to the sepals : leaves palmate. Climbing plants. 

Several species of Fassiflora, the Passion-Flower, from tropical America, are 
cultivated. 

Order 2. Papayace^. Flowers diclinous, hypogynous: stamens 
in two whorls : carpels five. 

Garica Papaya^ the Papaw, is cultivated in the tropics on account of its edible 
fruit : its latex is poisonous. 

Order 3. BEGONiACEiE. Affinity doubtful. Flowers diclinous, 
the male flowers have two dimerous petaloid perianth- whorls, and 
indefinite stamens cix>wded together; the female flowers are epi- 
gynous, the perianth consists of five petaloid leaves, the ovary is 
trilocnlar, with numerous anatropous ovules borne on axile placen- 
tas: fruit a capsule: leaves often very large, usually oblique: 
inflorescence cymose, the male flowers being terminal on the first 
brandies, the female terminal on the last. 
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• Many species of Begonia, derived from thd tropics, arc cultivated as orna- 
mental f)lants. 

• 

Order 4. Cucurbitaceac. Flowers diclinons or polygamous, actino- 
morphic : corolla gamopctalous, of live petals : stamens epi petal ous, 
five, but two pairs cohere, so that there appear to be but three 
(Fig. 241, diagram) ; sometimes there is only one short one, with 
a large sinuous anther; ovary inferior, unilocular, or spuriously 
multilocular, with one or (more often) many parietal ovules: fruit 
baccate (a pepo or a succulent berry), often of great size, with 
a relatively thick and solid cpicarp: seeds without endosperm. 
Herbs with scjittered leaves, eften climbers, the tendrils growirg 
by the side of the leaves. i 

Cucurbita Pepo is the Pump- 
kin; the genus Cucumis has free ijiF 

stamens; Cucumis saliva is the 
Cucumber, and Cucumis Melo is fc ' \ \\ A' \\\l/ 
the Melon Citrullus vulgaris is If 

the Water Melon. The genus \ T' ' ^ i 

Bryonia has a small white ^ ^ 

corolla ; the loculi of the ovary 

are B-seeded, and the fruit is a ^ 

succulent berry; B, dioica is x 

common in shrubberies and A «|J V A p ^ 

hedges. ‘ I'B ' 


Cohort 4. Myrtales. f 

Flowers usually actinomor- 

phic, epigynous or peri- J vJl 

gynous, with commonly two \ / 

whorls of stamens: gynoe- ' I 

cium syncarpous, with nsu- Longitudinal aection or female flowe. 

ally a single style; leaves of CaemnU: /ovary? nfcovulosj k calyx; C corolla; 


FiQ 241.— A Longitudinal section of remato flowoi 


usually opposite. " rudimentary stamens. B Lo igitudi. 

nal section of male flower : st stamens ; n' rudimon- 
Order 1. OnAGRAGEJ:. tary ovary; the corolla (c) is not all shown (some- 
Flowers usually tetramerous diagram of Cucurbita. 

throughSut, epigynous : ovary multilocular, with numerous ovules 
on axile placent© ; fruit a berry or a capsule ; seed without endo- 
sperm. Calyx often petaloid, forming a long tube (Fig. 242 r), 

(Enothera biennis^ the Evening Primrose, occurs on river banks ; the seed has 
not a tuft of hairs, and the flowers are yellow. Epilobium is the Willow Herb, 
of which many species arc common ; E. angustifolium^ hirsutum^ and montannm 
occur in fields, hedges, and ditches ; the seeds have a tuft of long hairs ; flowers 
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red, fruit a aci)tifra'fenl capsule. Circaa lutetiana (Enchanter’s Nightshade) has 
dimerous flowers 7k 2, 6’2, A2,0(^)\ common in damp and shady spots. Imardia 
palustru has no corolla; its fruit is a 6ei)ticidal capsule. Fuchsia (Fig. 242 A)^ 
many species of which arc cultivated as oruamental plants, is a native of South 
America ; fruit a berry. 

Order 2. Lytiirariej!. rio\vcr.s perigynous, with two whcrrls of 
stamens: formula Kn, On, i'ln + n, where n = 3 — 16: ovary free 
in the hollow receptacle: an epical yx formed by connate stipules 
is often present : seed without endosj^erm. 


Lythrum Salicaria, the Loosestrife, occurs in bogs and ditches: formula 
A'G, C6, i4G -f G, G(‘r) : the stamens of the two whorls are uncfinal in length, and 
V the length of the 

style also varies; 

A C , three forms of 

species ^of 

^ |li tube, from Mexi- 

Ip CO, are cultivated. 

fjf| ll^ 5-merous, epi- 

""V m gynous: sta. 

sf mens often 


Pio. 2ft2.— Flower of Fuch-sia; « pedicel; / inferior ovary; k very numer* 
■epals, connate at the base, forming a tube (r) • a stamens ; g stylo ; n r 

stjgmn. B Flower of Epilohuim liirButum (letters as before). C Fruit ’ 
of Kpilobinm after dohisconce : to outer wall ; m columella formed by and IHUch 
the septa; «a seed with tufts of hairs (nat. size). branched (Fig 

243) : seed without endosperm : leaves usually opposite, dotted with 
oil-glands. 


Tribe 1. Myrtea, Fruit a berry or a drupe ; stamens indefinite. ^ 

Myrtus communis is the Myrtle of Southern Europe ; Eugenia and Caryophyl- 
'us are also ornamental shrubs. 

Tribe 2. Leptospennea. Fruit a capsule, dehiscing looulicidally from above 
downwards: stameus indefiuite, in bundles which are opposite either to tlie 
Fspals or to the petals (Fig. 243). 

Callistemon, Melaleuca, Metrosideros, Calothamnus, and others, are ornamental 
plants : Eucalyptus Globulus, from Australia, is much planted in marshy dis- 
sricts. which it tends to drv up by its active transpiration. 
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•Tribe 3. Leciftfudea. Fruit large, woody, dehiscing with a lid, or indehiscent ; 
Leaves s<!b,ttered, without oil-glands : stamens indefinite. 

Bertholletia excclsa grows in tropical America ; its fruits are known as Brazil 
nuts. 

Tribe 4. Granatea. Fruit resembling a i>oine ; leaves opposite, without oil- 
glands.* 

Punica granatum, the Pomegranate, grows in Southern Europe; flowers 5-8- 
merous ; receptacle i^etaloid ; stamens iiidetinito ; in the ovary there are two 
whorls of loculi, an external superior of which the loculi are as numerous as and 
are opposite to the petals, and an internal inferior consisting of three loculi. 

Order 4. RHizoPiioiiACEiE. Tropical trees with aerial roots, known 
as Mangroves: the seed often germinates in the fruit whilst it is 



Fio. 213.-— Longitudinal section of 
the flower of Calothamnus : / ovary i 
• calyx; p corolla; «t branched sta- 
mens ; g stylo. (After Sachs.) 


a 



Fig. 2 It. — Flower-bnd orCaryoi)hyl- 
Ills, the Clove, in longitudinal Hcctiun: 
f the inferior ovary, with the oil- 
glands (dr); ak the ovulo-s; Ic calyx; 
c corolla; st stamens; a autheis; 
g stylo (enlarged). 


still attached to the tree, and the primary root extends till it reaches 
the earth. 

Cohort 5. Rosales. Flowers actinomorphic or zygomorphu\ 
usually hermaphrodite, perigynous or cpigynous : stamens rarely 
fewer in number than the petals or equal to them, generally in- 
definite in numerous whorls: gynoeciurn more or less comjdetoly 
apocarpoue: ovules anatropous, suspended or erect; seed with or 
without endosperm. 

Order 1. IIosaceas. Flowers actinomorphic, perigynous : gynoccium 
apocarpous: ovules 1 or few, anatropous ; seeds without endosperm: 
loaves scattered, stipulate : the odd sepal is posterior. 

Tribe 1. Rosea, Carpels numerous, attached to the base and sides of the 
‘follow receptacle, which is narrow above (Fig. 245 (7) ; each contains a single 
•uspended ovule, and' when ripe, are achenes enclosed in the flesliy receptacle : 
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the sepals are frequently persistent at the top of it* Shrubs with imparipinnaic 
leaves ; the stipules are adnate to the petiole. * 

Many species of Bosa, the Bose, are wild, such as B. arvensU, canim, and 
ruhifjinosa, and many others are cultivated, as It centijolia^ dainascena, indica^ 
ruhi folia f etc. 

Tribe 2. Spiraacra, Carpels usually 5, each containing two or mOre sus- 
pended ovules: they aro inserted upon the floor of the flat open receptacle: 
the calyx is persistent till the fruit is ripe. 

Spiraea Ulinaria, Meadow-sweet, Aruimis and Filipendula (Dropwort) occur 
in woods and meadows, the fruit is a follicle ; Sp. sorhifoliUj mediae ulmifolia, 
and other species, Kcrria japonica (with achenes) and lihodotypus (with drupes) 
aro ornamental shrubs. 

Tribe 3. Amygdaleae, The single carpel, containing two suspended ovules, if 
inserted on the floor of the receptacle (Figs. 245 A and 243 C) ; the receptacle 
and the calyx fall oil when the fruit is ripe : stamens usually in three whorls of 
5 or 10 ; fruit a drupe (Fig. 162) ; only one seed is usually present. 

The fruit of the genus Amygdalus has a furrowed coriaceous endocarp : A 
communist the Almond-tree, and nana, are trees of ISouthern Europe: A, persica 



Fie. SlS.^Dia^'ramniatio lonj^itudinal sections oi flowers. A Amygdalcse. B Dryadev 
C Knscse. I) PomeiQ : k calyx ; c corolla ; f ovaries ; n siigmas. , 

is the Peach. The fruit of the genus Prunus has a smooth stony endocarp: 
P. ameniaca is the Apricot ; P. donmtica is the Wild Plum, it has an ovoid 
fruit and glabrous shoots; P. insititia is the Bullacc, it ^s a globoid fruit and 
hirsute shoots ; P. CeraeuSt the Wild Cherry, has foliage-leaves at the base of 
its umbellate inflorescences ; P. AviurUt the Sweet Cherry (Gean), has only scales 
at the base of its inflorescences ; P. Padust the Bird-Cherry, has elongated race- 
mose inflorescences ; P. Mahaleh, the Damson, has fragrant bark ; P. laurocera- 
su8t the Cherry Laurel, has evergreen leaves which somewhat resemble those of 
the true Laurel ; P. spinosa is the Sloe or Blackthorn. 

Tribe 4. Sanpuisorbea, Flowers often unisexual : ovaries few, offen but one, 
monomerous, enclosed in the cavity of the receptacle which hardens as the seed 
ripens : ovules solitary, suspended. 

The genus Alchemilla has tetramerous flowers destitute of a corolla; the 
stamens (4 or fewer) alternate with the sepals ; an epicalyx is present: A, vut 
gariSt the Lady’s Mantle, and A, arvensist are common. The flowers of the 
genus Sanguisorba, the Great Burnet, have no corolla, the four stamens are 
opposite to the sepals, and they have no epicalyx ; 5. officinalis is common in 
mcalows. The flowe^a-of the genus Poterium, the Lesser Burnet, resemble 
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Ahose of the preceding, but the stamens are indefinite, and they are polygamoiin. 
The flossrer of Agrimoiiia is pentamerous ; it has a corolla and indefinite stamens ; 
the outer Surface of the receptacle is beset with bristles. 

Tribe 6. Dnjadfa. The ovaries, which are numerous, are inserted npon 
a prolongation of the axis into the cavity of the receptacle (Figs. 245 li and 246 
fi ) ; each contains a single ovule. The calyx is usually surrounded by an epi' 
calyx formed by the connate stipules 


of the sepals. The stamens are usually T f ' ' 

indefinite, each whorl consisting of as 

many or twice as many stamens as J 

there are petals. TJiese Rowers arc > 

distinguished from those of the Ha- 

nunculaceflB, which they somewhat re- ll M 

aemble, by the whorled arrangement \ \ H ^ 

of the stamens and by the presence of 

the hoUow receptacle; for in llannn- , «» «•« ‘^'"“ 7 ; • I’- 

onlaceous flowers the stamens are ar- ,e„ci.tacte. 

ranged spirally and the sepals arc quite n Fruit of the Hluckhcrry, Kubm frutico»w: 
free. ^ fc calyx ; /Hoshy uvai-ies. 

Of the genus Poteutilla, which has dry fruits and a dry receptacle, many 
species are common, such as P. amerina^ the Silver-weed, reptana, Tormeiitilla, 
and others. Fragaria is the Strawberry ; the receptacle becomes succulent as 
the fruit ripens and bears the small acheues on its surface ; F. vesca and 
elatior are found in woods ; F. virfjiniana and other North American spocics 
are cultivated. The flowers of the genus Itubiis have no cpicalyx and the fruits 
aro succulent when ripe : Ruhm Idcetis is the llaspberry ; its fruits separate from 
the dry receptacle when they are ripe: in 11. fniticoxus^ the Blackberry, and 
R. casiiis^ the Dewberry, the upper part of the receptacle separat(;s together 
with the fruits when ripe. Bryan octopetala is a procumbent al 2 >inc shrub witli 
an oval, long-tailed fruit (resembling that of Clnnatu Vitalba). Gcum iirbamm 
and rivale (Avens) occur in woods and damp fields ; the long style is hooked. 

Tribe 6 . Pomeos. Ovaries five or fewer, contained in the cavity of the 
receptacle, connate, and adnate to the wall of tlje receptacle (Fig. 245 D). 
The spurious fruit is surmounted by the calyx. The individual fruits cither 
become hard and are like small drupes imbedded in the fleshy receptacle, or 
they have only a thin wall, so that they are more like capsules, and seem to be 
loculi of the whole fruit, as in the apple for instance, where the succulent 
portion is derived from the receptacle, and the core consists of the fruits en- 
closing the seeds, which are basal, generally two in each carpel. Stamens 
indefinite^ no epicalyx. Shrubs or trees with deciduous stipules. 

I. With stony fruits. 

In the genus CoLoneaster, the fruits project above the receptacle : in Gratas- 
gus, the Hawthorn, they are completely enclosed ; C. oxyacantlia, the May, and 
C. momgyna are common; other species from the East and from North 
America are cultivated; Mespilus, the Medlar, has a laigc fruit which is 
surmounted by the five large sepals. 

II. With coriaceous fruits. 

Cydonia, the Quince, has numerous ovules on the ventral suture of each 
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carpel ; the outer fayers of cells of the testa are mucilaginous. Pyrus has ivffi 
basal ovules : P. communU and others are the Pear-trees ; the locu|j of the 
spurious fruit, seen in transverse section, are rounded towards the eiAerior ; the 
fruit is not hollowed at the base : P. Maliia and others are the Apple-trees ; the 
fruit is liollowed at the base, and the loculi, seen in transverse section, are 
pointed towards the exterior. Sorbus resembles the preceding genps; S, 
Aiicnparin is the Mountain Ash or Rowan-tree. Amclanchier, the Service-tree 
of Canada, has only oac ovule in each loculus. 


Order 2. LEGUMiNOSiE. Flowers usually mcdianly zygomorpliic, 
perigynons, pcntamcrous, witli calyx and corolla : stamens ten or 
more : ovary of a single anterior carpel : ovules borne on the 
ventral suture : fruit a legume or a lomcntum : flowers always 
hitcnil : leaves nearly always compound. 


Sub-order 1. Papilionace;e. Flowers zygomorphic, papilionaceous. The 
five sepals, one being anterior, are usually connate, forming a tube above the 
insertion of the corolla and the andrcccium : the five lobes are usually unequal 
and Bometiincs form two lips, the lower of three and the upper of two teeth : 
petals five, alternate with the sepals, imbricate, so that the anterior petals are 
overlapped by those behind them ; the posterior petal is much enlarged, and is 
called the vexUlum (Fig. 247 'Ufa); the two lateral petals, which are much 
smaller, are termed the ala (Fig. 247 A^fl); the two anterior petals are connate 
or sometimes simply apposed, and form a hollow boat-shaped body, the keel, 
01 Carina (Fig. 247 /f, «). In a few cases the corolla is entirely or partially 
suppressed ; thus in Amorpha, only the voxillum is present. The ten stamens 

are either connate, forming a tube, or the 
posterior stamen may be free, so that the 
tube consists of nine stamens, and is incom- 
plete posteriorly (Fig. 247 A ) ; rarely tlje 
stamens are all free : they mostly curve up- 
wards, and diminish in length from in front 
backwards. The ovary, enclosed by the 
stamiual tube, consists of a solitary anterior 
carpel ; it is often divided into two chambers 
by a spurious longitudinal septum, or by 
transverse septa into several chambers. The 
fruit is usually a legume or a lomcntum (Fig. 
160 A)f rarely one- seeded and indehiscent. 
The flowers are solitary and axillnry, or in 
racemes. The leaves are only rarely entire, 
usually palmately or pinnately compound, with often large, stipules (Fig. 8 C). 

Tribe 1. Lotea. Leaves simple or compound: stamens diadelphous or 
monadelphous : legume unilocular, or bilocular in consequence of the formation 
of a spurious longitudinal dissepiment, usually dehiscent, many-seeded : coty. 
ledons leafy, epigmal. 

In Ulex the Whin, tlorse or Furze, Genista the Green-weed, Gytisus (Saroth- 
amnus) the Broom, Ononis the Rest-harrow, and Lupinus, the stamens are 



Pig. 2-47. — Flower of Lotus cornicu- 
liittif (somewhat mag.)- A With one 
ala removed; k cah'x; fa vexillum; 
yl ala; 8 Carina. B With the corolla 
removed ; r tube formed by the sta- 
tnens; ax the free stamen; a anther; 
n stigma. 
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»monadelphous ; in Genista the leaves are simple ; in Sarotflamnus and Ononis 
the leaves are ternato; in Ulex the leaves are ternato in seedlings, but in 
mature plants they are scaly or spinous ; in Lupiuus the leaves are palmatoly 
compound. Cytisus Laburnum is a well-known flowering tree. 

In Medicago, Melilotus, Trifoliiiin, and Lotus, the stamens are diadclphous 
and the leaves ternato. Trifoliuin is the Clover: the stamens are partially 
adnate to the corolla ; the withered corolla persists and encloses the small 
legume : flowers in capitnla ; pratense^ the lied Clover, T. repens^ the White 
Clover, and hijhridum^ which are common in meadows, and 1\ iucariuitum, from 
the East, are cultivated. Lotus corniculatus, the llird's-foot Trefoil, with a 
beaked carina and nearly straight legume, is common in meadows. Medicago 
has usually a spirally-wound legume, and a deciduous corolla; lil.falcata and 
lupulina are common ; M, satica^ Lucerne, is cultivated. Melilotus has a 
globular legume ; ^1/. alba and officinalU are common on the banks of the 
streams. Trigonella. 

In Anthyllis, the Kidney-Vetch, the stamens arc monadelphous, and the loaves 
imparipinnate. Anthyllis Vulm raria^ Ladies’ Eingers, is common in dry pas- 
tures. 

In the remaining genera the leaves are imparipinnate and the stamens diadcl- 
phous. Indiyofera tinctoria, in the East Indies, i)roduce8 Indigo. Glycyirhiza 
is the Licpiorice. Coliitea, the Bladder Senna, lias a swollen fruit : C. arbores- 
cens and various species of Caragana are cultivated as ornamental plants. 
liohinia Pseudacacia^ the false Acacia, is a nalivo of North America, but it 
has become naturalized. A morpha fruticosa is a common shrub, from North 
America. Astragalus has a legume with a spurious longitudinal dissepiment : 
very many species of it occur, especially in the East. 

Tribe 2. Iledysarcce, Leaves iiiii)anpinnato ; stamens diadtdphous : fruit a 
lomcntum, with transverse septa, dividing into segments. Cotyledons leafy, 
epigosal. 

Hippocrepis and Coronilla are common in meadows ; OtwbrychU sativa^ the 
Sainfoin, is cultivated. ArachU hypogeea, the Earth- Almond or Ground Nut of 
tropical America, ripens its fruits in the earth. 

Tribe 3. Viciece, Stamens diadclphous: legume unilocular; cotyledons 
hypogaeal ; leaves paripinnate and usually cirrhose. 

Vicia saliva, the Vetch, and V, Faba, the Beau, are cultivated : other species 
occur wild. Piswn sativum and arvense, the Pea, are cultivated. ICrvum lens, 
the Lentil, belongs to Southern Europe. Various species of Latliyrus and 
Orobus occur wild in woods ; L. odoratus and others arc cultivated. 

Tribe 4. PhaseoUa, Stamens diadclphous : legume unilocular ; cotyledons 
usually ipigaeal, but not leafy: leaves usually imparipinnate, frequently ter- 
nato. 

Phaseolus vulgaris, the French Bean, and P. midtiflnrus, the Scarlet Runner, 
are cultivated. Wistaria chinensis is an ornamental climber. Physostigma is 
tlie Calabar Bean. 

Tribe 5. Dalhergiea. Stamens mono- or diadclphous : legume iudohiscent ; 
cotyledons fleshy. 

Pterocarpus. Dipterix odorata, the Tonka Bean of South America, contains 
eoumarin in the seed. 
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Tribo 6. SophoVea, Stamens all free. Sophora japonica and Cladrattii 
\utea are ornamental plants. Myroxylon. « 

Sub-order 2. C^salpiniea. Flower zygomorphic, but not papflionaceoue 
(Fig. 248) ; petals imbricate, so that the posterior petal is overlapped by those 
anterior to it ; stamens ten or less, free, more rarely connate : the legume is 
frequently divided by transverse septa, and is indehiscent : flowers in panicles 
or racemes. 

Gleditifchia triacanthos and other species are cultivated for ornament. Cereii 
iiliqimstriim^ the Judas-tree, has rounded leaves. The wood of Casalpinia 
]>rasili€7isis is known as Pernambuco or Brazil wood. 

Sub-order 3, Mimose^s. Flowers actinomorphic, with valvate aestivation: 
stamens ten, rarely fewer, frequently very numerous, free (Fig. 240), usually 



Fio, 249.— Flower of a Cassia; Fio. 249.— Flower of an 

k calyx; c corolla; a stamens; a' Acacia (mag.): k calyx; e 

the central shorter ones; /ovary. corolla; st stamens, with 

(a)i) anthers; n stigma'. 

much longer than the perianth : legume sometimes divided by transverse septa. 
The flowers usually grouped in spikes or capitnla. 

Mimosa pudica, the Sensitive Plant, has irritable leaves. Species of Acacia 
are numerous in Africa, Asia, and Australia. In the Australian species the 
leaves are represented by flattened petioles (phyllodes) which arc extended in the 
median plane. 

Order 3. CRASsuLACEiE. Formula Kn, Cn, iln [. + n ], Gn, where 
n = 3 — 30: flowers perigynous, with two (rarely one) whorls of 
stamens : gynoecium apocarpous, carpels opposite to the petals, 
with a scale (disc) behind the carpels: ovules nnmei’ons, mar- 
ginal : fruit a follicle : seed with endosperm : inflorescence nsnally 
cymose. Plants with entire fleshy leaves, arranged spirally, often 
in rosettes. 

The genus Sedum has usually pentamerous flowers ; Sedum acr«, the Stone- 
erop, is common on walls and rocks : S. maximum and others are common. 
The genus Sempervivum has at least 6-merous flowers ; S, tectorum, the House- 
leek, and other species, Echeveria, Crassula, etc., are frequently cultivated. 

Order 4. Saxifragace^. Flowers usually 4“6-merous, epigyn- 
ous or perigynous: stamens usnally in two whorls: carpels less 
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pnmet'ous, usually connate below and €re0 above :* seed containing 

endos|ierm. 

• 

Tribe 1. Saxifratira, Flowers perigynous or epigynoiis, actinomorphic oi 
zygomorpliic : petals with imbricate lestivatiou: iwo whorls of stamens, or 
only one (opposite to the sepals): carpels usually two, diverging above: in- 
florescence of racemose cymes : fruit a capsule : leaves alternate. 

The genus Saxifraga has a bilocular ovary, but the flower is otherwise penta- 
merous ; the receptacle invests the lower connate portion of the ovary. Many 
species occur in mountainous districts, and in several of them there is a deposit 
of carbonate of lime on the margins of the leaves; only a few species, such as 
S, tridactylites and granulata^ occur in the plains ; S» sarmeiitosa is frecjnently 
cultivated indoors. The genus Bergenia has a free ovary (Fig. 250) ; B. hifolia, 
from Siberia, is an ornamental plant. The genus Chiysosi)lenium has a tetra- 
merous flower destitute of a corolla; they are small plants, somewhat re- 
sembling a Euphorbia, occurring in damp places. 



Fio. 230.— Longitadinal SGCtion of the ovary of Bergenia: i; style; n stigmas; -p pl.icenta 
(mag.) (After Saclis.) 

Tribe 2. Parnassica, Flowers perigynous, actinomorphic ; the five stamens 
opposite to the petals are transformed into glandular staminodos : petals with 
imbricate icstivation : ovary 4-locular : ovules numerous : fruit a loculioidal 
capsule : leaves alternate. 

Parnassia palmtris has a whorl of radical leaves, and terminal and lateral 
peduncles, ^ach bearing a single flower and adnate to a bracteole : it is frequently 
found in damp localities. 

Tribe 3. Hydrangea. Flowers epigynoiis, actinomorphic, with two whorls of 
stamens : petals with valvate mstivation : leaves opposite. 

Hydrangea hortensU is a well-known garden plant. The inflorescence is an 
umbellate panicle, the marginal flowers of which (in cultivated plants all of 
them) are tetramerous ; they have a very much enlarged calyx, and only the 
whorl of stamens opposite to the sepals ; they are sterile. 

Tribe 4. Philadelpliea. Flowers epigynous, actinomorphic, 4-5-merous: 
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stamens in two whorls, or indefinite : petals with various lestivation : leaves 
opposite : fruit a capsule, c 

Philadelphus coronariui (called Syringa or Mock Orange) has sweetly-scented 
flowers. Deutzia scabra, crenataj and others are cultivated. 

Tribe 5. Rihesiacea, Flowers epigynous, actinomorphic, pentamerous: 
stamens opposite to the sepals: carpels two; fruit a berry: leaves scattered: 

palmate : inflorescence racemose. Shrubs. 

Several species of Itibes, the Currant, are 
cultivated ; R, riibnim is the Bed Currant, R, 
nignim tho Black Currant, R. Grossularia the 
Gooseberry: the spines of the last species are 
developed from the pulvinus. 

Order 5. DROSERACEyE. Floral formula 
iC5, 05, A 5, or : flowers actino- 
morpliic, perigynous or hypogynous : 
ovary unilocular, ovules borne generally 

FIQ. m-Finwer of Ribes parietal placcntie, but they are some- 
corolla; ft Btameiis; 6 disc; y times basal. Herbs: leaves exstipiilate, 
with glandular, hair-like appendages 
which serve to capture insects (see Fig. 72). 

Drosera has a scorpioid inflorescence borne on a scape without bracteoles ; 
tho leaves are radical and are fringed with glandular appendages, each of which 
is traversed by a fibro-vasciilar bundle. i>. rotundifolia and iiUermedia^ the 
Sun-dews, are found on wet heaths. Ahlrovanda vesiculosa is a floating water- 
plant of Southern Europe ; its whorled leaves fold up when stimulated ; flowers 
solitary, axillary. Diomca muscipula,YeTi\i3’ Fly-trap, occurs in North America; 
it has leaves which likewise fold together when touched ; flowers with 10-20 
stamens and basal ovules. • 

Order 6. Hamamelideji. Flowers frequently diclinous and 
apetalous, perigynous or nearly epigynous ; ovary usually bilocular ; 
leaves stipulate. 

Hamnmells virginlca, the Witch-Hazel, is an ornamental shrub from Novtli 
America, the leaves of which somewhat resemble those of the Hazel. 

Order 7. HALOUAGiDEiE. Flower perigynous or epigynous, usually 
tetramerous throughout ; stamens in two whorls : sometimes tho 
corolla or the whorl of stamens opposite to the petals is wanting : 
seed containing endosperm. 

Trapa natana, the Water-Chestnut, a not very common water-plant of central 
Europe, has a stem bearing a rosette of leaves which float on the surface of the 
water ; in the axils of these leaves the flowers are borne singly : their formula 
is f4, C4, Ai, G (^), and they are perigynous : the fruit is indehiseent, and the 
■epals remain adherent to it in tne form of four horns. 


k •’^1 
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^ Myriophtjllum verticillatum and spica him,* the Water-Milfoils, are aquatic 
plants jjrith finely divided leaves and small flowers borne above the water in 
terminal spikes. 

Order 8. Hippuride.e. Flowers sometimes unisexual, bonu 
singly in the axils of the wliorlcd leaves: tlie calyx is indicated by 
a projecting rim on the ovary, and it invests also a single anterior 

stamen : petals 0 ; stamen 1, epi- 

gyiious: the monomerous ovary ^ ^ 

contains a single suspended ana- ||||j[^!!T — 

tropous ovule. ji* r ' ;l| 

Ilippxiris vulgaris, the Mare’s tail, . KS!(;| i 

grows in water and in damp places: 
the stem projects out of the water. 

Order 9. CALLiTRicniNEiB. 

Aquatic plants, with decussate, I 

linear or ovate leaves, in the axils jj|||||^ j ,• 

of which stand the solitary diclin- | 

ous flowers which are destitute of . * - 

Pio. 2f»3.— of a flowering Rtem of 
a perianth J the male flowers con- JUppuris vultjayis. TLo leaves uro cut away. 

sist of a single stamen, the female Sachs.) 

of a bilocular, spuriously quadrilocular, ovary, with four suspended 
ovules the micropyles of which are directed outwards. 

Callitriche verna and others are either submerged or they creep on muddy 
banks. 


SEllIES II. mSCIFLOIldii. 


Sepals free or coherent: petals in a single wliorl: stamens usually 
definite, and hypogynous : a disc is usually present : gynoeciuin 
syncarpous or apocarpous. 

Cohort 1. Sapindales. Flowers often unisexual: the insertion 
of the stamens is various : gynoeciuin usually Byncar[)ous. Usually 
trees. ^ 

Order 1. Sapindace^. Flowers usually obliquely zygomorphic, 
in that the two petals of one side are larger and of somewhat 
different form to the three others ; of these, one, which lies in the 
plane of symmetry, is sometimes wanting : three stamens are 
usually suppressed, so that the number is reduced to seven ; they 
are inserted within the disc: the ovary is trilocular; ovules two in 
each loculus : seeds without endosperm. 
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.^sciilus has opposite, palmately compound, cxstipulate leaves : the flowers 
are in terminal scorpioid racemes : tlio fruit has a loculicidal dehiscence ; JH. 
Hippocnstamim is the Horse-Chestnut, derived from Asia. JS, ):arnea^ M. 
Pavittf and otlier species are frequently cultivated. A great number of genera 
and species grow in warm climates ; they have generally scattered pinnate leaves. 
The fleshy fruit of Sapindiia Saponaria makes a lather with water like soap. 



Fio. 264.— Floral dia- Fio. 266. — Fruit of A. platanoidc«, dividing into two 

gram of ASsculus. mericarpa m; a pedicel ; Jl wings (nat. aize). 


Order 2. Aceuine.e. Flowers usually actinomorphic : stamens 
eight, in consequence of the suppression of the two median ones, 
variously inserted : ovary bilocular ; ovules two in each loculus ; 
when ripe the fruit splits into two one-seeded winged mericarps 
(samaras) (Fig. 255) ; loaves opposite, palmately lobed, exstipulate : 
flowers in terminal racemes, sometimes in corymbs, with an apical 
flower : seeds without endosperm. • 

The principal Si)ecie3 of Acer, the Maple, are A, pseudopJatanitSf the Sycamore, 
liaving leaves with crenate margins, flowera in elongated pendulous racemes, 
blooming after the unfolding of the leaves, and parallel- winged fruits; A. 
platanoides, having leaves with serrate margins, flowers in short erect racemes 
blooming before the unfolding of the leaves, and fruits with widely diverging 
wings (even more than in Fig. 265) ; A, campestret the common Maple, which 
is sometimes shrubby, with a trilobate leaf, short erect racemes of flowers which 
bloom after the unfolding of the leaves, and fruits with wings which are dia- 
metrically opposite. Some North American species are often cultiva4od, such as 
d. rubrum, with five stamens opposite to the sepals; A. dasycarpumf with the 
same number and position of the stamens, without any corolla, and having 
dioocious flowers ; A, Negundoj with pinnate leaves, and dioecious flowers like 
those of the preceding species. Sugar is prepared from the sap of d. nigrum 
and dasycarpim especially. 

Order 3. Terebintitacejs (Anacardiacej:). Flowers usually 
actinomorphic, and often diclinous: itamens usually inserted on 
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tfiG disc, hut disc sometimes absent : gyncecium of but few carpels ; 
sometiftie^ one only is developed, the others being represented by 
• two or more stigmas : resin-ducts present : seeds without endosperm. 

Various species of Rhus are cultivatetl as ornamental plants ; in Wms cotinm 
many of the llo\7ers are abortive, and the hairy peduncles become much 
elongated ; It. coriaria (Southern Europe) is used in 
tanning. Pistacia verity in Southern Europe, bears 
edible fruits ; in its flower the petals and the stamens 
which are opposite to them are suppressed. 

Order 4. Staph yleack^]. Flowers aetino- 
morphic, pentamerous : stamens exteinal to the 
disc : ovules numerous : leaves decussate, i)in- 
nate, stipulate : seeds with smjill endosperm. 

rio. 2i>0.-Plf)ral dia- 

Staphylea pinnata is grown in gardens. gram of Rhus. 



Cohort 2. Celastrales. Flowers aotinomorpliic, 4-r>-inerou8 ; 
one whorl only of stamens, which either allernaies with or is 
opposite to the petals, is usually prc.sent: disc usually within, 
sometimes external to, the androecium: ovules usually erect: the 
seed nearly always contains endosperm. Trees or shrubs. 

Order 1. CEfiASTitiNEiE. Formula, Kn, Cn, An + 0, G (n) or less, 
n = 4 or 5: sepjils imbricate: stamens and carpels inserted on a 
flattened disc; stamens alternate with the petals: usually two ovules 
in each loculus of the ovary: leaves scattered, entire, stipulate. 


•In the genus Euonymus, the Spindle-trce, the loculicidnl capsule is invested 
by an orange-coloured arillus ; E» europams occurs both cultivated and wild. 


Order 2. Rhamneji. Formula Jvn, Cn, 
I ilO + n, ; n = 4 or 5 : calyx usually 
gamosepalous, valvate : petals usually 
small and often hood-shaped (Fig. 257 c), 
enclosing the stamens which are opposite 
to them: flow^ers sometimes diclinous; 


usually af single ovule in each loculus of 
the ovary, which is invested by a disc; 
leaves usually scattered, entire, stipulate : 
fruit a drupe or a capsule. 

Bhamnus cathartica, the Buckthorn, has op- 


Pio. 267.— Flower of Jlhanuiuii 
iVan^ula (mag.): It eopalBcon- 
naie at the base into a tube (d) ; 
0 hood -shaped petals enclosing 
the slamuns (a). 


posite leaves and thorny twigs: the berries of 72. infectoriust in Southern 
Europe, yield a gi’een or yellow dye : R, Frangula has scattered leaves ; iti 
wuod produces a particularly light charcoal. 
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Order 3. Ampelide;e. Fbrmtila same as in RhamnecB : sepala 
small ; the corolla is often thrown ofl: before it opens (Fig. 259^ A, c) : 
a glandular disc between the androecinm and the gyna^cium : ovules 
one or two in each loculus : fruit baccate. Climbing plants, with 
palmate exstipulato or stipulate leaves. 


Vitis vinifeniy the Grape-Vine, probably derived from the East, is cultivated 
in endless varieties ; other species, such as V. vulphia and Lahrusca^ as also 
Ainptilopsis hederacea, the Virginia Creeper, are also frequently cultivated. The 
tendrils of the Vine (Fig. 15 A) are branches bearing scaly leaves in the axils 

of which other branches 




arise : their peculiar posi- 
tion opposite to the foliage- 
leaves may be explained 
as follows: the ordinary 
shoots are sympodia, and 
each tendril is the ter- 
niinal segment of a mem- 
ber of the sympodiiim ; 


Pig. 2.')8.— Plowor of Vitis vinifera, and diacfram. A / the following member is a 
the moment of opening?. D Open; Ic calyx; c corolla; ghoot springing from the 
gland. i.Btamonsi /ovary inetijima (slightly mag.). foliago-leal 

which is opposite to the tendril. Every third leaf has no tendril opposite to it, 
that is to say, the members of the sjmp odium hear alternately one or two 
leaves. The inflorescences occupy tho same positions as the tendrils. Each 
leaf has also a bud in its axil, which either remains undeveloped or gives rise 
to a dwarf-shoot ; from the axil of its cataphyllary leaf an ordinary shoot is 
developed. 


Cohort 3. Olacales. Flowers sometimes unisexual, 4 -6- (rarely 
6-) merous, formula same as Celastrinem : disc various or wanting. 

Order 1. iLiciNEiE (Aquifoliacej;). Disc wanting: one or two 
suspended ovules in each loculus of the ovary: stamens free, or 
adnate to tho petals: petals often connate at the base: leaves 
scattered, cxstipulate. 

Ilex aquifoliunif the Holly, with its coriaceous, spinous, evergreen leaves, is 
common in plantations and woods : fruit a berry. The leaves known in com- 
merce as Paraguay tea are derived from I. Pavaytiayensis in South Ai^erica. 

Order 2. FMPETREiB. Disc wanting : ovules solitary, ascending : 
flowers dioocious, with three sepals, three petals, tliree stamens, 
and a 6-9-locular ovary: fruit of 6-9 drupes. They are shrubs 
resembling Heaths in appearance. 

Empetrnm nigrum is a small shrub occurring in the north of Europe and Id 
the Alps. 
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Cohort 4. Geraniales. Flowers nsitally pentainorons ilii'oiigli 
out ; tbo carpels are opposite to the petals : ovary usually 5-loculat 
with 1 or 2 suspended ovules ; the micro pyle is dii'ccted inwards: 
disc various or wanting : formula Jv6, 05, A 5 + 5 | 

Order 1. GERANiACEiE. Disc glandular: flowers usually actiiio- 
morphic : two ovules in each loculus; the ovary is prolonged into 


a Leak (carpophore) (Fig. 259 A, a) ; 
the fruit is scpticidal from below up- 
wards, the sei)arate carpels (cocci) 
rolling up (Fig. 259 7?). Seed devoid 
of endosperm. Herbs; leaves siinjilo, 
stipulate. 

Geranium prateuxe^ sybrnticinn^ sanguineuin^ 
and columhinum^ the Crane’s-bills, are wild in 
England ; G, llohertiauum^ Herb-Eobert, is 
universally distributed. Erodium, tlie Stoik’s- 
bill, has the ,5 stamens which arc oi^positu to 
the petals transformed into staminodes ; K, 
cicutarium is common in waste places. Pelar- 
gonium, in many varieties, is a well-known 
garden plant: the flowers are zygornorphic, 
and the posterior sepal is provided with a spin 
which adheres to the pedicel. 




A R 


Order 2. Line^. Disc 0 : formula 260 .— Fmit of Gciatiiuin, a 

rtw Att . A. \ IJoforo, 11 iiftcr (Icliisconcc ; s pe- 

/t5, C5, Ao + t 5, I (u“) : flowers ac- /locnli of tlio ovary; a iho 

tinomorphic, rarely all the whoi’ls are i>caic; n Biignm; b column of the 

tetramerous : the whorl of stamens op- 

posite to the petals is replaced by staminodia : each loculus of the 
ovary contains two ovule.s, and is often dividcjd into two by fi more 
or less complete false dissepiment : seeds usually contain cndospcim : 
capsule septicidal. Herbs or shrubs ; leaves simple, entire, with or 
without stipules. 


Linum usitatissimum is the Flax: the strong bast-flbres are used in weaving 
linen ; the seeds contain oil ; the walls of the outer cells of the testa arc muci- 
laginous. « 


Order d. Ervthroxylej;. Flowers actinomorpliic ; petals five, 
with a ligular appendage: stamens ten, connate at the base by 
means of a disc and forming a tube : ovary 2-3-locular, with one 
suspended anatropous ovule in each loculus ; seed with endosperm. 

The wood of most of tho species contains a red dye. The leaves of ErytUmry- 
lox Coca is chewed by the Femvians as a stimulant. 
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Order 4. Oxalide.e. Disc 0: flowers actinomorphic ; formnlA 
Kb, Gb, Ab + b, | G® ; stamens ten, connate at the base V those 
which are opposite to the sepals are the longest : ovules numerous ; 
fruit a capsule or more rarely a berry : seed containing endosperm. 
Herbs, with compound, generally exstipulate loaves (Fig. 71).. 

OxalU Acetosellaj the Wood- sorrel, is frequent in woods ; it contains much 
potassium oxalate. The tuberous roots or underground stems of some American 
species as 0. esculenta^ crenatUy and contain much mucilage and are used 

ns food. 

Order 5. BalsaminE/E. Disc 0 : flowers zygomorphic ; formula 
Kb, Gb, .d5 + 0 I the posterior sepal is spurred, and the two 
anterior are small or absent: the anterior petal is large; ovary 
5-locular; ovules numerous; the fruit is loculicidal, the valves 
separate elastically and roll upwards, so that the seeds are pro- 
jected to some distance. Herbs, with simple exstipulate loaves: 
seeds without endosperm. 

Inipatiens Noli-me-tangeret the yellow Wild Balsam, occurs in damp and 
shady spots; the ripe fruit flics open with violence at a touch. Impatiena 
baUamina, an Indian species, is cultivated. 

Order 6. Troimcole^e. Disc 0 : flowers zygomorphic ; formula 
Kb, Gb, A4i + 4, G^-^ : the posterior sepal is prolonged into a spur ; 
the three inferior petals are clawed and ciliate : the two median 
stamens, one belonging to each whoid, are suppressed : one ovule in 
each of the three loculi of the ovary : seeds without endosperm. 
Herbs, leaves exstipulate. 

Tropaolum viajus and nxinxts, kuown as Nasturtium, are universally cultivated. 

Order 7. Zygopiiylle.e. Disc fleshy : flowers actinomorphic, 5 or 
4«mGrous. Herbs or shrubs with decussate, generally imparipin- 
nate, stipulate leaves : seeds with endosperm. 

Lignum Vita is the wood of Guiacum officinale (West Indies). 



Order 8. RuTACEiE. Disc usually annular: 
flowers usually actinomorphic : gynoecium some- 
times partially apocarpous, but the styles are 
usually connate: seeds with or withbut endo- 
sperm. There are numerous oil-glands on the 
leaves and stems. 

Sub-order 1 . Butejb. The placenta project into the 


Fio. 260.— Diagram of loculi of the ovaxy ; each bears 3 or more ovules : fruit a 


the flower of Diotamnus. loculicidal capsule: seed with endosperm. Rutagraveo* 


lens, the Bue, has pentamerous terminal flowers, and tetrameruui lateral 


flowers. Dietamnus Fraxinella has a zygomorphic flower. 
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, Sub-order 2. Diosuejs. Ovules 2 in each loculus: ledven simple: seeds 
witlioul^endosperm. 

Barosma, Agathosma, Empleurum. 

Sub'Order 3. XANTnoxTLEiB. Flowers usually dicecious aud polygamous: 
endosperm usually present. 

Xanthoxylum fraxincumt from North America, is a shrub which is sometimei 
cultivated. 

Sub-order 4. Toddaliejb. Gynocciiim syncarpous : fruit iudehiscent, winged, 
dry or succulent : seeds with endosperm. 

Ptelea trifoliata is a North American shrub with white dowers. 

Sub-order 5. Auuantjeas. Gynoooium syncarpous: calyx gamoscpalous : 
seeds without endosperm. 

The genus Citrus has an indefinite number of bundles of connate stamens 
(polyadelphous) (Fig. 201 A)^ produced by the branching of the five stauienH 
which are opposite to the sepals : the carpels are usually more numerous tlian 
the petals, and during ripening they become filled with a succulent tissue derived 



Fio 201 .^Flower and floral diagram of Citrus. A Open; o corolla; « tho partially connals 
stamens; n the stigma. B Bud; k calyx; e corolla; d oil-glands. 

form their walls ; the various parts of the flower and the fruit contain much 
ethereal oil : the leaves, which arc typically pinnate, are reduced to their terminal 
leaflet, which is articulated to the winged petiole (Fig. 11 G). 

Citrus medicat sjxd Limonum, are Lemons; Citrus vulgaris or Axirantium is 
the Orange, derived originally from tropical Asia. 


Order 9. Meliace.®. Disc various: stamens monadelphous; the 
filaments have stipulate appendages ; no oil-glands. 

Mahogany is the wood of Swietenia Mahagoni (Arncricaj. The wood of species 
of Cedrela is often erroneously termed “ cedar-wood.” 

Ordei*l(). SiMARUBE®. Disc conspicuous : flowers actinomorphic, 
sometimes diclinous : stamens olten more numerous than the pc this : 
gynoecium sometimes apocarpous: ovule usually solitary in each 
loculus : there are no oil-glands in the leaves, but the cortex and 
wood contain a bitter substance. 

Ailanthus glandulosa, from China, is a tree with multijugate pinnate leawf 
and a'winged indehiscent fruit ; it is often cultivated. 


X 
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Order 11. BiJrserace^. Disc nsnally annular: flowers actino^ 
morpliic: gynoecmm syncarpous; ovary with two ovules in each 
loculus : there are resin-passages in the bast. 

Boawellia serrata (East Africa) yields Olibanum, a gum-resin ; Balsamodendron 
Myrrha yields the gum-resin Myrrh (Arabia). 

SEEIES m. THALAMIFLOR^. 

Sepals usually free : petals often indefinite : stamens hypogynous, 
often indefinite : gynoecium apocarpous or syncarpous. 

Cohort 1. Malvales. Flowers cyclic, generally pentamerous, 
actinomorpliic : calyx often garaosepalous, with valvato Aestivation, 

corolla with usually contorted 
Aestivation; stamens originally in 
two whorls, generally branched 
and often connate: carpels five, 
often forming a multilocular 
ovary. 

Order 1. Tiliacejs. Sepals 
usually free. In the indigenous 
species the staminal whorl oppo- 
site to the sepals is suppressed; 
stamens branched, the separate 
branches of the filament free or 
connate only at the base, opposite 
to the petals: anthers 2-locular, 
opening by pores or valves : ovary 
6-locular, each loculus containing 
two ovules ; but the fruit is 
generally only one-seeded. Mostly 
trees or shrubs : leaves alternate, 
stipulate. 

The only indigenous genus is Tilis, 
the Lime-tree. It has oblique leaves 
with deciduous stipules; the annual 
shoots have not a terminal bud. The 
inflorescence is cymose, few-flowered; 
gmndi/uUa .* a branch ; b petiole and axillaty peduncle is adnate to the leafy 
tmd. Attaohod to the peduncle is the bract bract ; this is brought about in the fob 
(h): > ealyx j e corolla ; s stamens; / ovary; lowing manner : in the axil of the leaves 
ha flewer-bud (nat. size). jg usually a hud, together with an 

inflorescence (Fig. 262); the bract (Fig. 262 h) and the bud-scale which is 
opposite to it are first two leaves of the axillary shoot which is terminated 
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hf the inflorescence, the peduncle of which id ndnate to the bract for some 
distancee the bud is a winter-bud developed in the axil of the above-mentioned 
bud-scale. The inflorescence itself terminates in a flower ; other flowers are 
'borne in the axils of its two bracteolcs, and other flowers again may be developed 
in the axils of their bracteoles, and so on. T. (jramlifoha, the Large-leaved 
Lime, Iras a few-flowered ihflorescence, and leaves which are bright green and 
downy on the under surface : 7'. imrvifoUa has an inflorescence which consists of 
a large number of flowers, and has leaves whicli are bluish-green and pubescent 
with red hairs on the under surface. T. intermedia is the common Lime. In 
the American species the internal branches of the stamens are staniinodia. 
Corchorus, in the East Indies, yields Jute, which consists of the bast-flbres. 

Order 2. STERCUr.iACE.flii. Calyx gamoscpalous : the stamens which 
are opposite to the petals are usually doubled or branched ; those 
which are opposite to the sepals are staminotlcs or tiny ai’e sup- 
pressed; anthers 2-locular: the corolla is sometimes wanting. 

Theobromo Cacao is a tree of tropical America, the seeds of which contain a 
nitrogenous substance, Theobromine, and a fixed oil ; from them Chocolate in 
prepared. ' 



Fio. 263.— X Flower of Halva Aleva eise): k calyx; e corolla; s connate otamena 
with the anthers (a); n stigmas. B Fruit of AUb/sa rosea inclosed in (k) the calyx: tJ-. 
epicalyx. (^The same after the removal of the calyx. D A single loculus of the same in 
longitudinal section : a seed; w radicle ; st cotyledon of the embryo (mag.). 

Order 3. Malvace^. Calyx usually gamoscpalous, frequently in- 
vested by an epicalyx; the corolla is adnate at the base to the 
androecium ; the androecium is a long tube (Fig. 2G3 A ft) consisting 
of five branched stamens which are opposite to the sepals ; each 
filament bears only half an anther, which is regarded as a unilocular 
anther (Fig. 2G3 A a) : ovary multilocular, splitting into cocci (Fin 
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263 0 /), with usually one ovule in each coccus (Fig. 263 1) sy 
Under-shrubs or herbs: leaves stipulate and generally paflnatel 3^ 
veined. 

ivlalva, the Mallow, has an opioalyx of three bracteoles, Hibiscus has one ol 
many bracteolcs, and Althiea, the Marsh>mallow, has one of 6-9 bracteoles; 
Althoea rosea is the Hollyhock; several species of Malva are indigenous, M. 
sylvestriSf rotundifolia^ and moschata. Gossypium herhaceum in Egypt, G, 
arhoreum and religiosum in the East Indies, and G. peruvianum and hirsutum 
in America yield Cotton, which consists of the long hairs on the testa. 

Cohort 2. Guttife rales. Flowers cyclic, actinoinorphic, and 
generally pentamerous: sepals usually free, with imbricate aesti- 
vation: stamens usually indefinite in consequence of branching: 
gynoecium syncarpous, ovary uni- or multilocular. 

Order 1. HYPERiciNEiE. Formula, i\5, (75, ^0 + 5^, or A0 + 
3^, G^. Sepals sometimes united at the base : stamens five, 
branched, and therefore polyadelphous, superposed on the petals in 
consequence of the suppression of an outer whorl of stamens which 
is indicated by stamihodes in some foreign 
genera : ovary uni- or multilocular or many- 
chambered : capsule septicidal : ovules nu- 
merous, anatropous; placentre parietal or 
axile : seed devoid of endosperm. Herbs or 
undor-shrubs with decussate entire leaves, 
„ „ , ^ „ . which are dotted over with translucent oil- 

FfO. 264.— Diaj^ramof Hypori- . 

cum. glands ; exstipulate. 

Hypericum perforatum, hirsutum, and humifurum (St. John’s Worts) occur 
wild in woods and mt^adows. 

Order 2. Elatine.®. Water-plants with entire leaves, opposite or 
in whorls : flowers actinomorphic, 4-6-merous ; formula Zh, (7n, An 
+ 11, solitary, without bracteoles, borne in the axils of the 
foliage-leaves. 

JS?. hexandra and Hydropiper (Waterworts) occur, but not commonly, in 
England. 

0 

Order 3. Ternstrcemtacej;. Perianth spiral; the calyx is not 
clearly distinguishable from the numerous bracts; stamens in- 
definite: ovary multilocular. Trees or shrubs with scattered, 
generally coriaceous, entire leaves, without stipules. 

Camellia japonica is a favourite ornamental shiub: Thea of which 

the dried leaves are tea ; black and green tea are varieties resulting only from 
the mode ol4ryin(^the leaf. 
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• Order 4. Clusiaceji (Guttifer®) Ti’ces or slirnf)s with diclinOTis 
floweA. 

Order 5. DiPTEROCARPEiE. Trees; leaves usually stipulate; the 
^amosepalous calyx enlarges very much during tho ripening of the 
fruit- 

Dryohalanops Camphora^ a native of Sumatra, yields the Borneo Camphor. 


Cohort 3 CaryophyllinaB. Flowers cyclic, nctinomorphic, and 
generally petanicrous : calyx often gamosopalons : stamens usually 
definite: ovary unilocular, with ba.sal placonlm. 

Order 1. CARYOrnYLLACE^i. Flowers generally petamerous, with 
calyx and corolla, though the latter is suppressed in some cases ; 
sepals distinct or coherent: stamens in two whorls, of which tho 
inner is often wanting; ovary 2, 3, or 5-meroas, unilocular, oi 
multilocular at the base, with a central placjcnta or with a single 
ba.sal oynle: fruit usually a capsule: loaves opposite, decus.sater 
stems usually tumid at tho nodes. 


Tribe 1. Alsinea. The corolla 
and the inner whorl of stamens 
are usually present ; tho calyx is 
eleutherosopalous ; fruit a cap- 
sule ; usually no stipules. 

Sagina, Arenaria, Alsine, Ocr- 
astium, Stcllaria, Spergula, Holo- 
steum, and others, are small her- 
baceous plants with white petals, 
occurring in meadows, on road- 
sides, etc ; they are distinguished 
from each otlzer principally by 
the number of carpels present 
and by tlie mode of dehiscence of 
the fruit. 

Tribe 2. Silenea, The corolla 
and the inner whorl of stamens 
are always present : the calyx is 
gamosepalous ; stamens 10, fila- 
ments CGiinate at base : the fruit 
is a capsule (in Cucubalus a berry) ; the leaves have no stipules; the floral axis 
is often elongated between the calyx and th z corolla (Fig. 205 y ) : the petals (as 
in Lychnis and Saponaria) often have ligular appendages (Fig. 205 x). 

The species of Dianthus, the Pink, which commonly occur wild arc D. deltoiden 
iXidArmeria; 2). Caryophyllun^ the Carnation, and B. chinemU are well-known 
garden flowers : there are two styles and the calyx is surrounded at its base by 
bracteoles. The genus Saponaria has two styles but no bractcolcs ; 8, officinalU, 
vhe Soap-wort, occurs on the banks of rivers. The genus Silene (Catchfly) has 



Fio. 205.— Longitudinal section of tho flower of 
Lychnu Flos Jovia : y prolonged axis toetween the 
calyx and tho corolla; x ligular appendages or 
corona. (After Sachs.) 
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three styles; S. inflata, nutans^ and others, are common in meadows. Thi 
genus Lychnis (Campion) has five styles ; the species vespertina and dUma are 
dioecious. Agrostenma Githago^ the Corn-cockle, is common in fields. 

Tribe 3. Polgcarpea. Leaves with scarious stipules: calyx elenthero- ' 
sepalous; the corolla is present, but the inner whorl of stamens is wanting: 
style 3-fid. This group includes the genus Polycarpon and others. • 

Tribe 4. Parongchiea. Loaves with scarious stipules : sepals distinct or 
oolicreiit : the corolla and the inner whorl of stamens are usually wanting : style 
usually bifid : ovary unilocular, with a single ovule. 

Scleranthm annum and perennU (Enawel), Ilerniaria, Corrigiola, and Illcce- 
brum are small inconspicuous herbs. 

Order 2. Portulacace.h. Calyx usually of 2 sepals and corolla of 
5 petals ; stamens usually 5, epipetalous ; ovary usually trimerous 
and unilocular ; fruit a capsule. They are herbs with alternate or 
opposite leaves ; the corolla is fugacious. 

Portnlaca oleracea^ the Purslane, from Southern Europe, and other species 
are cultivated as vegetables and as ornamental plants. Montia (Blinks) has a 
gamopetalous corolla, slit up one side ; it grows in ditches or in damp places. 


Order 3. TAMAUisciNEiE. Elowers actinomorphic, 4- or 5-merou8, 
with one or two whorls of stamens: calyx gamosopalous : ovary 
usually trimerous, unilocular, with basal or parietal ovules: capsule 
loculicidal: seed without endosperm, having a crown of hairs; 
flowers in racemes or spikes. 

The genus Tamarix is indigenous in Southern Europe ; T. gallica has become 
naturalized in England. 



Cohort 4. Polygalinas. Flowers actinomorphic or zygo*- 
morphic, usually pentamerous; sepals usually distinct: stamens 

definite: gyngecium 
usually of two car- 
pels ; ovary usually 
bilocular. 

Order 1. Poly- 
GALACEJI. Flowers 
zygomorplijc ; the 
two lateral sepals 
conspicuously large 
and known as 
“wings” (Fig. 266 
h') ; petals three, 
the two lateral being absent ; the anterior petal is very large and 
carinate : stamens usually eight, forming a tube open posteriorly, 



Fia. 266.— Flower of Polyadla grandijlora. A Seen tiom out- 
side after the roxnov.<il of the wing-sopul. B Longitudinal 
section ; fe calyx s F wing ; o corolla i s tube of stamens. (After 
Sachs.) 
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io which the corolla, or at least the anterior petaf, is adnate (Fig. 
266) :• carpels two, median, forming a bilocular ovary, each loculus 
containing a single suspended ovule : fruit usually a capsule. The 
flower somewhat resembles that of the Papiliouaccm, but it must 
be borne in mind that hero the two “ alt© ” or w’iugs belong to the 
calyx. 

Polygala vulgaris^ amara^ and others, are herbs, woody at the base, occurring 
in woods and meadows. 

Order 2. PiTTOSPOREdn. Flowers actinomorphic : stamens five : 
ovules numerous, attached to the usually unconnected septa: loaves 
simple, exstipulate. 

Pitto.^porum Tohira^ undulatum, erassifoliunit are ornamental plants from 
Australia. 


Cohort 5. Parietales. Flowers cyclic, with calyx and corolla: 
sepals free: stamens definite or mdcfinite: gyno^cium of two or 
more carpels ; ovary unilocular or many-cliambered : parietal 
placentation : seed with or without endosperm. 

Order 1. Papaver- 
ACEiE. Flowers actino- ^ 

morphic, K2, 02 + 2, 

Acc 0^^ OT (oc), or 
rarely with trimerous 
whorls : calyx sepa- 
loid, corolla petaloid: 

.the numerous whorls 
of stamens alternate: 
ovary of two lateral 
carpels (in Fig. 267 

, , Fio. 207.— Flower of Chelt<Ioniummajtw(nat.Riao); Je calyx j 

they nave been ca outer ;ci inner petals; a stamons; 7i»tigina. A Diagram 
wrongly represented ^he flower of Chelidonium (tbe carpels ought to be lateral)t 

1 . 1 * \ A GyiKBcium of Papaver. 

as being median) or 

of more (Fig. 267 a), two- or more-chambered : ovules nnmerons, 
attached to the slightly infolded edges of the carpels : endosperm 
abundant, embryo small. The sepals commonly fall off before the 
flower expands (Fig. 267^). Plants with abundant milky juice. 



Papaver, the Poppy, has a many-chambered ovary; the liuit is a porous 
capsule (Fig. 160 D), P. aomniferum is cultivated for the sake of the oil 
contained in the seeds, and as a medicinal plant : P. HhoBaa is common in 
cornfields. Chelidonium majua^ the Celandine, has two carpels, a siliquosc fruit 
and orange<coloured milky juice. Eschscholtzia ealifornica is a cultivated 
plant ; it has a hollow receptacle, so that its flowers are almost perigynoua. 
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Order 2. Fcjmariaceje. 'Flowers usually zygomorpliio with 
lateral symmetry : floral formula ^ JSr2, 02 + 2, .^2 + 2, G®. 
The three whorls of the perianth alternate ; one of the outer petals 
(rarely both) is furnished with a spur : the two inner stamens are 
not in their normal position ; each of them is divided and thp two 
halves are displaced towards the outer stamens ; hence there ap- 
pear to be tliree stamens on each side, a central one, with a perfect 
anther (the stamen of the outer whorl. Fig. 268 B a), and two 
lateral stamens, each with only half an anther (the halves of the 
stamens of the inner whorl ; Fig. 268 B The fruit is siliquose 

and many-seeded, or one-seeded and indchiscent. Plants without 
milky juice. Seeds containing endosperm. 



Pio. 209.— A Flowor of Dielylra spectabilis; one of tho outer petals is romoveri : s pedicel; 
ea the outer, ci the inner petals ; / stamens. B The three stamens of one side, seen from 
within : / filaments ; a the middle complete anther ; a, a, the lateral half anthers. C Flower* 
hud, with the sepals, which soon fall off, still adhering (k) (nut. size). Diagram of Fumi- 
tory. 


Dielytra (Dicentra) spectabiUs is a favourite ornamental plant ; both the 
outer petals are spurred, the two inner petals are hollowed at their apices, so 
that they completely close the anthers. In Corydalis cava and aolida only one 
of the outer petals is spurred, the fruit is a two-valved capsule with numerous 
[larietal seeds ; these species have a tuberous rootstock ; others, as C, lutea 
and aurea, have rhizomes. Fumaria officinalis and others (Fumitories) are 
common in fields ; the ovaries contain"* but few ovules, 
and of these only one ripens to a seed ; fruit globose, 
indehisoent. 

t 

Order 3. Cruciferji. Flowers usually ac- 
tinomorphic : floral formula K2 + 2, (7x4, 
A2 + 2\ The four petals form a whor^ 
alternating with the four sepals as if the 
Fin. 289.— Diagram of the latter formed one whorl; there are, however, 
flower of Omcifera. three perianth- whorls, as in the two preced- 
ing familiesj but whereas in them only the outermost whorl ia 
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•acpixloid, in this f.amily the two outer tvhorls are sepaloiil, nnd the 
innerftiost, which alone is petaloid, is a whorl consisting of four 
instead of two members. The two outer stamens are lateral, as 
in those families; the two inner ones, which in the FumariiiceiP 
are divided, are here duplicate, having longer filaments (Fig. 271^ 
Bhh) than the outer ones («) ; hence the flower is tetradi/nnmous. 
Tliere are often minute glands at the base of tho ovary (Fig. 270 
B d), Tho ovary consists of two carpels with the ovules in two 



iTio. 270.— Flowers, fruits, and embryos of various Omoifcr®. A Flower of Brassica (nat. 
•size): a pedicel; h It calyx ; c coroUn. B The same after removal of tho perianth (much 
mn^.): a a tho two outer short stamens; h the four longer inner ones ; / Iho ovary; n the 
stigma. C Siliqna of Brasaica : v dissepiment. J) Angiislisepf al siliciila of Thlaspi. B Lati* 
septal silicula of Drnbn. D* and E* Diagrammatio tninsverso section of the preceding: » 
dissepiment ; • seed. F Indehiscont silicula of Isatin. G .Tointod Bilif|iia of Ilaithamu Itaphani- 
strum; g style; I 1 1 separate segments. K~H Diagrams of difTcrentiy .folded embryos, 
with transverse sections : r radicles ; e o cotyledons. 

longitudinal rows on the adnate margins of the carpels ; these two 
parietal placentas are connected by a membranous growth which, 
as it is not formed of the margins of the carpels, must be regarded 
as a spurious dissepiment (Figs. 270 D* 160 G w;). When 
the fruit opens, the pericarp splits into two valves corresponding 
to the carpels, leaving the placenta? attached to tho dissepiment 
forming the replum ; the seeds remain attached to them for some 
time (Fig. 160 G). 

The flowers are in racemes in which tho bracts are suppressed ; 
when tho lower pedicels are longer than the upper ones, the raceme 
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beco^nes a corymb, and then* the lower flowers are usually zygomor* 
phic, the petals turned towards the periphery being largef than 
those directed towards the axis of the inflorescence, as in Tberis. 

The form of the fruit is of importance in the sub-division bf this 
order. In some genera it is much longer than it is broad, when it 
is termed a siliqua (Figs. 270 0, 160 G) ; in others, it is not much 
longer, or about as long as it is broad, when it is termed a silicula 
(Fig. 270 D and Ji?). The latter is commonly somewhat com- 
pressed in one direction ; either parallel to the dissepiment, that is 
to say laterally (Fig. 219 E and E*), so that the dissepiment lies 
in the direction of the greatest diameter, when it is latiseptalj or 
perpendicularly to the dissepiment, that is in the median plane, so 
that the dissepiment lies in the narrowest diameter, when it is 
angiistiseptal (JJ and D)* Fruits with only one or a few seeds, and 
which are indehiscent, are confined to only a few genera, such as 
Tsiitis (Fig. 270 F). So likewise is the jointed siliqua, which has 
transverse dissepiments between the seeds ; when they are ripe it 
divides transversely into segments, as in Raphanus (Fig. 270 G). 

The embryo is folded in the seed in various ways ; the radicle 
may lie in the same plane as one of flat cotyledons (Fig. 270 7Q, 
when the cotyledons are said to be incumhenty Notor/dzece (the dia- 
gram being Q ||) ; or the radicle may occupy the same position, the 
cotyledons being folded (Fig. 270 J), when the cotyledons are said 
to bo incumbent and foldedy Orlhoplocece (diagram of section O ^) > 
or, thirdly, the radicle may be lateral to the two cotyledons (Fig. 
270 U), when the cotyledons are said to be accumbenty Pleurorhizeas 
(diagram O =) : more rarely the cotyledons are spirally rolled so 
that in a transverse section they are cut through twice, Spiroloheoe 
(diagram Q || |1) ; or, finally, they may be doubly folded, and be seen 
four times in a section, Diplocolobece (diagram Q || || || ||). The 
seeds contain much fatty oil. 

Sub-order 1. Siliquosa. Fruit a siliqua, muQh longer than it is broad. 

Tribe 1. Arabidea. Q =• Cheiranthm Cheiriy the Wall-flower ; Matthiola 
annua and incanay the Stock, are cultivated as garden plants. Nmtnrtium 
ojicinale is the Water-cress. Barharea vulgarii is the Yellow Bocket. Carda- 
mine and Dentaria also belong to this tribe. 

Tribe 2. SUymhriea. Q ||. Sisymbrium officinale y the Hedge-Mustard, is 
common on rubbish heaps, and Erysimum on walls, etc. Hesperis is the Dame's 
Violet. 

Tribe 8.' hransieea. O^* ^he species and varieties of Brassica are much 
eultivated. Brassica oleracea is the Cabbage, with the following varieties; 
acsphala, Scotch kail. Cow-cabbage or Borecole; bullatay the Savoy cabbage 
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• capitdtaf the red and white Cabbage; gongijlodet or caulorapa^ hith the stem 
swells at the base, is the Kohl-rabi ; botrytis, with connate fleshy peduncles and 
abortive flowers, is the Cauliflower ; gemmifera, with numerous lateral leaf -buds, 
known as Brussels Sprouts, lirassica rapa is the Turnip, with bright green 
hispid leaves and flat corymbs of flowers ; Bnmica NapiiSj the Bape, has glabrous 
glaudbus leaves and long racemes of flowers, and is cultivated for the sake of tlu 
oil contained in the seeds ; both these species have fleshy underground stems. 
From JU. rapa are derived the varieties ctmpestrut the Sumnior-Turnip, and 
olei/enif the Winter-Turnip, as well as rapift ra, witli a llctdiy root, the wliite 
Turnip. From B. Napiis are derived the varieties anmia^ the Suinmer-linpe, and 
biemaliSf the Winter-llapc, wbicli yield oil, and the variety NapobrassicUf with 
an underground thickened stem, the Swedish Turnip. Brassica nigra and 
Sinapis (or B.) alba are the black and white Mustard. To this tribe belongs also 
the genus Diplotaxis. 

Sub-order 2. Siliculos^. Fruit a silicula. 

A. Latisepta, The dissepiment is in the longest diameter of the silicula. 

Tribe 4. Alysshiea^ Q —• Cochlearia officinalis is the Scurvy-grass; C. 

Armoracia^ the Horse-radish, has a thickened root. Alymm calycinum and 
Draha venia, the Whitlow-grass (Fig. 270 7(1), are common weeds. 

Tribe 5. Camelinea. OH* belong Camelina (Guld-of-pleasure) 

and Subularia, the Awl-wort, an aquatic plant. 

B. Angustisepta, The dissepiment is in the shortest diameter of the silicula. 
Tribe G. LepiAinea, Q II* Capsella Bursa rasturisy the Shepherd’s Purso, 

is common, as also various species of Senebiera and Lepidium (Cre sses). 

Tribe 7. Thlaspidece, Q =• Various species of Thlaspi, tlie Penny Cress, 
are common. To this tribe belong also the British genera Iberis (Candy-tuft), 
Teesdalia, and Hutchinsia. 

Sub-order 3. Nucumentace;e. Silicula indehiscont, few-sceded. 

Tribe 8. Isatidra, Isatis tinctorial the Woad, has compressed pendulous fruits 
, which are unilocular and one-seeded (Fig. 270 F) : 
it is used as a blue dye. 

Sub-order 4. Lomentage.^. Fruit a siliqua or 
silicula, constricted into one-seeded segments 
(lomentaceom) (Fig. 270 G). 

Tribe 9. CakUincdB. Silicula two-jointed. 

This tribe contains the genera Cakile, the Sea- 
Kocket, and Crambe, the Sea-Kiilo. 

Tribe 10. Bapbanea. Silicula more or less 
moniliform. Baphanus saiivus is the Badishi 
R. Baphanistrum^ the Wild Iladish or White 
Charlock, is a common weed. 

^ ^ , . Fio. 271.— Flower of Cappari* 

Order 4. CAPPARiDEiE. Flowers acti no- („at. size): « pedicel; k 

morphic; formula K2 + 2, (7x4, .42 + 2* calyx; c corolla; a stamens; / 
i 1 ovary on (t) gynoplioro. 

or oc , or X 2 stamens only very 

rarely 6 and tetradynamous ; ovary borne on a special prolongation 
of the axis (gynophore) (Fig. 271 0* a siliqua or a berry. 
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The flower buds of Capparh sphioaa from the south of Europe are known aSi 
Gapers. • 

Order 5. Resedace.e. Flowers zygomorphic, sepals and petals 
5-8, the latter laciniate : stamens numerous ; carpels 2-6-connate, 
forming a unilocular ovary, open at the apex, with numerous ovules ; 
seed without endosperm: inflorescence a raceme, without bracteoles 

Reseda liiteola, the Dyer’s weed, is useful as a yellow dye; R. odorata is 
Mignonette. 

Order 6. Cistine^. Flowers actinomorphic, usually pentaiaerons : 
the two external of the live sepals arc generally smaller, and some- 
times they are absent : stamens numerous, probably in consequence 
of brandling; carpels 3 or 5, forming a uni- or multilocular ovary : 
ovules orthotropous : seed with endosperm. Trees or shrubs with 
generally opposite stipulate leaves. ' 

Cistus ladaniferust eretictiSf and other species, grow in the south of Europe; 
a balsam is derived from them. IleiUnthenixm vulgare^ the Bock Rose, is an 
under shrub which grows wild on dry soils. 


Order 7. IhxACEiE. The seed of BIxa orellana, a native of 
America, yields an orange-coloured dye known in commerce as 
Annatto. 


Order 8. Viola rie®. Floral formula If5, 05, ^15, flowers 

always borne laterally: ovules anatropous: fruit a loculicidal 



Pio. 272.— Fiola tricolor. A Longitudinal section of 
flower: V bracteole of .the peduncle; I sepals; U ap- 
pendage'; c petals; C8 spur of the lower petal; fs 
spur-shnped appendage of the lower stamens; a an- 
thers. (^ter Sachs.) B Bipo fruit: k calyx. C After 

Wa'ViiMA'fiAa • «i nlaaantoa . m annAa 


capsule (Fig. 272 G): seed 
with endosperm. The in- 
digenous species have zy-’ 
gomorphic flowers ; the 
anterior inferior petal is 
prolonged into a hollow 
spur (Fig. 272 Acs) in 
which the nectar secreted 
by the spur-liko append- 
ages of the lower stamens 
collects (Fig. 272mA f s). 
The sepals are produced 
at the base (Fig. 272 A U), 


Viola is the Violet, Panay, or Heart’s-ease ; many species, as V. odorata, the 
Sweet Violet, have only an underground stem which bears cataphyllary leaves, 
and which throws up petiolate foliage-leaves and bracteolate peduncles, each 
bearing a single flower: F. odorata has runners, but htrta and eollina have 
none. In others, as F. eanina, the Dog-violet, the main stem is above ground 
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•ftnd bears the foliage-leaves. In V» mirahilu •these two fon&s are so combined 
that iibthe spring flowers are developed from the rhizome which have largo blue 
petals, but which are always sterile; it is not till later that inconspicuous 
(cleistogamous) flowers with minute petals aj pear on the leafy stem and these 
only are fertile. In V. tricolor and its allies, the stipules are leafy and 
pinnaitifld. 

Order 9. Sakrackniacejs. Flowers actiiiomorphic, hermaplirodite, 
with 15 or more stamens. 

The leaves of Sarracenia and Darlington ia are adapted, by tho peculiar develop- 
ment of their lamimc, for the capture of insects. 

Cohort 6. Ranales. Flowers generally acyelie or heniieyclie; 
perianth consisting of calyx only, or of calyx and corolla; stamens 
usually indefinite : gynoocitim apocarpous, often reduced to a single 
monomeroua ovary; very rarely polymerous and syncarpous. 
Seeds with or without endosperm. 

Order 1. RANUNCULACEiE. Perianth either consisting of a potaloid 
calyx, or of calyx and corolla, usually s[)iral: siamens numerous, 
occupying several turns of tho spiral, or arranged in several alter- 
nating whorls, anthers bilocular, extrorsc (introrse in Activ^a and 
Posonia) ; ovaries numerous, spirally arranged; rarely one only 
(Actma). Tho ovules are disposed on tho two margins of each 
carpel, that is, in two rows down tho ventral suture ; in several 
genera the number of tho ovules in each carpel is rediKJod f<o one, 
which then originates from either tho np[)er or tlio lower end of the 
cavity of the ovary. Seeds witli endos])erni. They are almost all 
• herbaceous plants, and arc either annuals or they have ])erennial 
rhizomes ; they have no stipules, but they have amplex icaul leaves 
or petioles. 

Tribe 1. Clcmatidea, I’ctals transformed into stamens : sepals petaloid, 
with valvato aestivation : ovaries numerous, each containing a siiiglo suspended 
anatropous ovule. Climbing or creeping shrubs with opposite leaves. Fruit 
consists of a number Of aclieucs. 

Cleinatis Vitalha, the Old Man’s Beard, is common in licdges; it has a 
greenish- white calyx, and fruits with long feathery styles : C. ViticcUa^ patennf 
and others, are cultivated as decorative plants. a /pma, occurring in 

che Alps and in Siberia, has its external stamens converted into potaloid stami- 
nodes. 

Tribe 2. Anemonea, Petals transformed into stamens: sepals petaloid, with 
imbricate ffistivatiou : ovaries usually numerous, each containing a single 
suspended ovule : fruit consists of a numb«^ of acheuos. 

ThaJictrum; the specieaof this genus, as 2\ viiniis, flaviim, oxid aqxdlcgi folium, 
the Meadow-Rues, have stems well covered with Icavej, and flowers with an 
inconspicuous, fugaciour* calyx, and a fiat rccoptuclo. Aiiomons 
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has nn hemispljeridnl receptacle (Fig. 273 A t), and a petaloid, nsualty S-d- 
leaved calyx. In most of the species the underground rhizome eloiigaWs 
into an erect scape wliich bears a single whorl of three leaves forming an epi> 
calyx beneath the terminal flower. In A, nemoroBa^ ranmctiloides, and others, 
these leaves resemble the foliage-leaves and often bear flowers in their axils; 
but in A. Pulsatilla^ and others, they differ from the foliage-leaves in that^they 
are palmatifid (Fig. 273 A h)\ in >1. Hepatiea^ in which the scapes spring from 
the axils of cataphyllary leaves, the three bractcoles are simple and lie so closely 
under the petaloid calyx that at first they appear to be the calyx of the flower. 














Fio. 87.T— Flowers of Raimnculncere : • peduncle; A rn'vx ; o corolla ; a stamens ; /ovary ; 
n stigma (all of natural size or slightly magnified). A Of Anemone Pidfaiilla, longitudinal 
section ! U epicalyx ; t receptacle. B Gynoeciam of Ranunculus : x receptacle with the 
points of insertion of the stamens which have been removed. C Flower seen from below, 
n Flower of JleUehorns vtridta E Of ileonituia Napellus : h bractcoles ; K hooded posterior 
sepal— the lateral sepal on tiiis side is removed. 

Tribe 8. Pnmnicnlra, Perianth consisting of calyx and corolla : sepals im- 
bricate : rmit an achenc, with a usually ascending ovule (suspended in Adonis 
and Myosiirus). 

Uanuncnlns ; the calyx consists of five sepals and the corolla of five petals 
which alternate with the sepals and have a nectary at their base ; the stamens 
and carpels are arranged spirally. 

The genus includes water-plants with finely-divided leaves and white flowers, 
B. aqmtilist Water crowfoot, eto. ; and land or bog plants usually 
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with a yellow corolla, as R, acevy the Buttercup, repens y hulhiisus, and seelevatus 
(all knc^wn as Crowfoot), and Flammula (Lesser Spearwort) ; they are all more 
or less poisonous. R. Ficaria (the Lesser Celandine) has 3 sepals and usually 
B petals. Myosnms minimm (Mouse-tail) has a very long cylindrical receptacle ; 
'the sepals are spurred, and the petals gradually pass into the stamens. Adonis, 
the Pheasant's Eye, has completely acyclic flowers ; sepals 6, petals 8 or more, 
not glandular at the base ; stamens and carpels indeflTiite, arranged in onler 
d. autumnalis is the species which occurs in England. 

Tribe 4. Hellehorea, Perianth generally consisting of calyx and corolla, the 
latter being occasionally suppressed ; the petals are glandular at the base , 
ovaries usually fewer in number than the leaves of the perianth ; oviilt‘s numer- 
ous, borne on the ventral suture ; fruit usually consists of several follicles. 

(a) With actinomorphic flowers : 

Helleborus, with acyclic flowers ; sepals in j| arrangement ; the petals, whicli 
are small and tubular, in * or ; stamens in or j", ; ovaries usually B-fi 
(Fig. 273 D). H. niger is the Christmas Hose ; II. viridis ami foetidus are not 
rare. Nigella has 5 petaloid sepals and usually 8 (superposed if 5) small gland- 
ular petals. Trollius, the Globe-flower, has 
6-15 petaloid sepals, and a similar number of 
small petals which, like the stamens, are 
arranged spirally : T. europans occurs in sub- 
alpine regions. Galtha, the Marsh-Marigold, 
has five yellow petaloid sepals but no corolla : 

G. palustris is common in damp places. Eran- 
this, the Winter Aconite, has small petals with 
long claws. Actoaa has a petaloid calyx and an 
alternating (sometimes supiiressed) corolla ; it 
has a single carpel which becomes a baccate 
fruit: A, fpicatay the Baneberry or Herb 
Christopher, occurs in woods. Aquilegia, the Fio. 274.— DinKram ot flower of 
Columbine, has a cyclic flower (Fig. 274) : it Aquilegia. 

has five petaloid sepals, and petals with long spurs ; A. vuUjariSy atratUy Akleiy 
and others occur wild or are cultivated as decorative plants. 

{b) With zygomorphic flowers : 

Delphinium, the Larkspur, has the posterior of the five petaloid sepals pro- 
longed into a spur : there are typically 5-8 petals, of which only the two (or four) 
posterior are developed, their spurs projecting into that of the posterior sepal 
D. Staphisagria is poisonous ; D, consolida has but one carpel ; D. Ajacis is a 
common garden plant, with 1-5 carpels. In Aconitum, the Wolf’s-bane or 
Monk's-hood, the posterior of the 5 petaloid sepals is large and hooded ; the two 
posterior of the 8 petals have long claws and are covered by the posterior sepal, 
the others being inconspicuous (Fig. 273 E c). 

Sub-order 4. Paoniea. The perianth consists of calyx and corolla, and the 
petals are not glandular : ovaries with numerous ovules, surrounded by a disc. 

In Pffionia, the Pcaony, the calyx consists of 5 sepals which gradually pass 
into the foliage-leaves ; the 5 or more petals are larger: the stamens are spii- 
all/ arranged. P. officinalisy eorallinuy and others are cultivated as decorative 
plants ; P. Moutan has a woody stem and a tubular disc. Fruit consists of 
several follicles. 
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Order 2. Ma'onoliacei!;. Perianth cyclic, consisting usually o( 
three alternating trimerous whorls, one of sepals and i/vo of 
petals : stamens and carpels numerous, arranged spirally : seed 
containing endosperm. Woody trees or shrubs. 

Tribe 1. MngnoUea. Carpels very numerous on an elongated cylindrical 
receptacle : flowers invested by a spathoid bract ; stipules connate. Magnolia 
grandijlora and other species, and Liriodendron tulipifera (the Tulip-tree) from 
North America, are ornamental trees. 

Tribe 2. Illiciecs. Carpels in a simple whorl on a flat receptacle (Fig. 158). 
Ulicium anisutunif the Star Anise, \3 a native of China. 

Order 3. Calycanihaceac. Flowers acyclic, perigynous. 

Calycanthus floridm is an ornamental shrub with brown aromatic leaves. 

Order 4. Nymph acaceje. Flowers usually acyclic without any 
sharp, demarcation between the petals and the stamens ; pistil 
either apo- or syncarpons. Water-plants, generally with broad 
floating leaves. 

Tribe 1. Nymphaince. Carpels connate, forming a polymerous multiloculai 
ovary which may he either superior or inferior. Ovules, numerous, placeutation 
superfleial : seeds numerous, containing both endosperm and perisperm. The 
rhizome grows at the bottom of the water and throws up broad flat cordate 
leaves with long petioles which float on the surface. The flower also reaches 
the surface, borne on a long peduncle. 

Nympheea alba, the white Water-Lily, has four green sepals, a great number 
of white petals which, together with the very numerous stamens, are arranged 
spirally, and a semi-inferior ovaiy. Nuphar luteum, the yellow Water-Lily, has 
a calyx consisting of five greenish-yellow sepals ; the petals, which are smalle? 
and yellow, are usually 13 in number, and form a continuous spiral with the 
indefinite stamens ; the ovary is superior. Victoria regia, a Brazilian species, 
has peltate leaves of more than a yard in diameter. 

Tribe 2. Nelumbiea, Ovaries numerous, distinct, imbedded in the fleshy 
receptacle : seeds solitary, without endosperm. 

Nclumbium speciosum is the Lotus of Egypt and Asia. 

Tribe 3. Cahombea, Flowers cyclic. Ovaries nu- 
merous, monomerous, each with from 2 to 3 ovules 
attached to the dorsal suture of the carpel. Seeds con- 
taining endosperm and perisperm^ The submerged 
leaves are much divided, the floating leavdli peltate. 
America and the East Indies. 

Order 6. MENisPERMACEiE. Flowers dioecious, 

Pxo. 275.— Diagram of cyclic ; the wborls are usually trimerous, and 
flower of many of tbo the calyx, corolla, and androecium have at 
Menispennacea). least two whorls each. Carpels usually 3-C, 

distinct, ono-seeded, but many-seeded in the [§ub-family Iiardi- 
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falbesB. They are tropical climbing plants with ticrbaceoas stems 
and palmate leaves. 

Order 6. Berberide-E. Flowers hermaphrodite, cyclic, the calyx, 
corolla, and androecium, each consisting of two di- or trimerous 
whorls. Ovary monomerous, with numerons marginal ovules. 
Fruit capsular or baccate. Seed with endosperm. 

Berheris vulgaris is the Barberry ; its floral formula is 7v.3 + 3, (73 + 3, ^8 + 3 
; the flowers are in pendent racemes, usually without terminal flowers ; when 
a terminal flower is present its formula is AC5 | 6’5 | AH. I'huit an oval berry. 
The leaves of the ordinary shoots are transformed into spiues (Fiy. 12), in the 
axils of which are dwarf-shoots beariug the foliage-leaves and the inflorescences. 
Bpimedium has a dimerous flower ; calyx ot whorlb ; petals spurred. 
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Magnesium 73, 79 

Male flowers 175 

„ reproductive cells .... 103 

Median plane 198 

Medulla 47 

Medullary rays 47, 55 

„ sheath 53 

Members 1 

Mericarp 206 

Meristem 44 

Mesocarp 207 

Mesophyll 10 

Metabolism , 75 

Micropylo 172 

Microsporangium . . 156, 164, 169 
Microsporo . 103, 157, 164, 109, 172 

Middle lamella 41 

Mid-rib 10 

Mineral matters in tho cell- wall 31 
Monocarpous plants .... 175 

Monoecious plants 175 

Monomerous ovary 190 

Monopodial branch- system . . 21 

Monosymmetrical flowers . . 199 

Mother-cell 37 

Motile organs 96 

Movement of water in the plant 83 
„ „ gases „ „ „ 86 

Mucilage, conversion of cell-wall 

into. . ' 30 

Multilocular ovary 191 

Mycelium 121 

Nectary 194 

Negative geotropism 92 

„ heliotropism .... 91 

Nitrogen 73, 78 

Node 3 

Nucellus of ovule . . . . * . 172 

Nucleoli 31 

Nucleus of cell 31 

Nut 208 

Nutation ........ 93 

Ochrea 9 

Oils . 72,77 

Oogonium 103, 112, 127 

Oophore 105 

Oosphere 103 

Oospore 103 
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Opening and closing of flowers . U4 


Opewulum 147 

Orthosticliy 5 

Ortliotropous ovulo ..... 172 

Ovary 172, 189 

Ovule 172 

Oxygen 73.74,81 

Palcro 212, 223 

Pallisade-paroncliyma . ...» 69 

Panicle 214 

Pappus 278, 279 

Paniphyses 130, 145 

Parasites . . . . / . . 75, 121 

Parasticliy 7 

Paratonic action of light . . 90, 101 

Parenchyma 44 

Parthenogenesis 104 

Pedicel 211 

Peduncle 184 

Peloric flowers 199 

Perianth 184 

Poriblcm 09 

Pericambiuin 61 

Pericarp . 207 

Perichoctium 145 

Periderm 05 

Peridium 144 

Perigynium 145, 228 

Perigynous flower ..... 192 
Periodic movements of organs . 90 

Periodicity of growth .... 89 

Perisperm 205 

Peristome 153 

Perithecium . 130 

Permanent tissue 44 

Petal 181 

Petiole 9 

Phelloderm CG 

Phellogeu 65 

Phloem 47 

Phosphorescence 83 

Phosphorus 73, 78 

Phototonus 101 

Phylloclado 19 

Phyllodo 9 

Phyllome 1 

Phyllotaxis 3 

Pileus 143 

Pistil 189 

Pith .♦ 47 

Pitted vessels 30, 49 

.Placenta 193 

Plocentation 193 

Plane of symmetry 187 

Plasmodium 127 

Plastic substances 75 

Pleiomery . 190 

Plcrome 09 

Pleurogynous stigma • • • . 193 
Plomiils 174 


• I'AQI 

Pollium 20 

Point of insertion . . • • . B 
Pollen, development of ... 38 

Pollen-graiu 171 

Pollen-sac 171, 189 

Pollen-tube 104, 172, 189 

Pollination 200 

Poliinium ........ 189 

Polyaxial plants 210 

Polycarpoiis ])lants 175 

Polygamous jdaiits 175 

Polymeroiis ovary 190 

Poly]>etal()iis corolla .... 165 

Polyphyllous perianth .... 185 

rol3'aep!iloiis calyx 185 

Polysymmetrical flowers . • , 199 

Porno 205 

Porous capsule 209 

Positive gootropisui 92 

„ lielioiropisiu .... 91 

Posterior 198 

Potassium . 73, 78 

Prefoliatiou 14 

Pricklo 24 

Primary cortex 67 

,, mcnistem 07 

„ root 174 

„ wood 48 

Primordial cell 27 

„ utricle 31 

Products of degradation ... 77 

Promycelium 137, 139 

Prophylliuu 184, 198 

Proseuchynia ...•••• 44 

Protandroiis 201 

Proteid -grains 33 

Prothallium 155, 177 

Protogynous 201 

Protuiicma 144 

Protoplasm 31 

Pseudaxis 20 

Pseudopodium ...... 152 

Pulvinus 17 

Punciuiu vegetationis . • • • 68 

Pycnidium 130 

Pyxidiiim 209 

liacemo 211 

liacemosc branching .... 21 

„ inflorescence . • . 211 

Radicle 174 

Raphe 173 

Raphides 36 

Receptacle 160, 161, 184 

Regmlar flowers 199 

Rejuvenescence of cells . • . 40 

Replum 208 

Reproduction • 102 

Reserve-materials . • • • • 76 

Resin-ducts 62 

Respiration ...«••• 81 
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Retardation of growth hj light . *91 

Revolving nutation 93 

Bhizome 19 

Boot-cap 23, C8 

Boot-hairs 80 

Boot-pressure 85 

Boot, structure of 51 

Boots 1, 23 

Bostellum 203 

Botation of protoplasm . • • 31 

Samara 206 

Saprophytes 75, 121 

Soalariform vessels • • . • 80, 48 

Scaly leaves • 15 

Scape 211 

Schizocarp 206 

Schizogenous development . . 60 

Sclorencliyma 44, 59 

^lerotium 132 

Scorpioid cyme 22, 214 

Scorpioid dichotomy .... 21 

Scutellum 216 

Secondary cortex • • • . • 57 

,, wood ••••■• 53 

Seed 101, 170, 205 

Segmentation of apical cell . . 68 

Self-fertilisation 200 

Septicidal dehiscence . . • • 209 
Septifragal (lehisceiice . . • • 209 

Seta 147 

Sexual reproduction .... 103 

Sheath 9 

Shoot 2 

Sieve-tubes 43, 49 

Silicon 73, 79 

Silicula 208 

Siliqua 208 

Simultaneous whorls .... 2 

Soboles 17 

Soft bast 50 

Soredium 134 

Sorosis 206 


dorus 

Spadix . 

Spathe 

Spermatia 

Spermogonium . . • • 

Spike 

Spikelet 

Spine 

Spiral arrangement • . • 

„ vessels 

Spontaneous movements • 
Sporangium . . . . . 

Spore . 

Sporidia 

Sporogonium 

Sporophore 

Spur 

Spurious fruitn . . . . 


. . 160 
. . 211 
. . 211 
. . 129 
. . 130 
. . 211 
. . 211 
. . 14 

. 6, 194 

. SO, 48 
. . 96 

125, 161 
. . 103 
.137, 139 
. 105, 146 
. . 105 
, . 186 
. . 205 


FAflB 

Spurious tissue 41 ' 

„ whorl A 4 


Stamen 

171, 186 

Staminode 

. 188 

Starch 

34, 74 

Stem • 

. 16 

Sterigma 

.* 130 

Stigma 

. 192 

Stigmatio cells 

. 145 

Stipule 

• 9 

Stolon 

. 17 

Stomata 

. 63 

Stratification of cell-wall . • 

. 30 

Striation of cell-wall . . • 

. 30 

Stroma • 

. 131 

Style 

. 192 

Stylospore 

103, 130 

Successional whorls . • • . 

. 2 

Succulent fruits 

. 209 

Superior ovary 

. 191 

Superposed members . • • 

. 195 

Suspensor 

. 178 

Syconus 

• 206 

Symmetry of flowers. • . . 

. 194 

Sympodiiim 

. 20 

Syncarpous gynoccium . • • 

. 189 

Synergidoe 

. 205 

Syngenesious anthers . • • 

. 188 

Tap-root 

. 23 

Teleutospore 

103, 138 

Temperature ...... 

. 98 

Tendril 

18,93 

Testa 

170, 240 

Tetraspore 

103, 121 

Tballome 

1 

Thallus 

1, 24 

Thorn 

. 19 

Tissues, forms and s\ stems of 

. 43 

Torsion 

. 94 

Trachene 

. 48 

Tracheides 

. 64 

Transpiration- 

. 84 

Trichogyne 134, 

119, 120 

Trichome 

. 1,24 

Tuber 

. 19 

Tiillen 

. 42 

Turgidity 

. 88 

Twining of climbing-stems • 

. 93 

„ tendrils . . . • 

• 93 

Umbel 

• . 212 

Unilocular ovary . • • • . 

• 190 

Uredospores . , . • • 

103, 138 

Utriculus 

. 228 

Vacuole 

. 26 

Vegetative reproduction • • 

• 102 

Velum ; 

. 143 

Venation 

. 10 

Vernation 

. 14 

Versatile anthers . • • • i 

. • 186 

Vertioillaster ...••« 

. 814 
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Vessels • . . . . . 

VAGI 

• • • 48 

VexiHum 

... 294 

VittsB 

... 280 

Water, movements of . 

... 83 

Wax 

... 03 

Wborl 

. . 4. 195 


Wood 

Xylem 

Zoospore 

Zygomorpliic ilowers. 
Zygospore . . • . 


rioi 
... 47 

... 47 

103, in. 122 

ictq 

104, ‘ill, 126 


PART II.— THE CLASSIFICATION AND NOMENCLATURE OF 
PLANTS. 


PiOK 

Abele 253 

Abies 181 

Abietinetc 180 

Acacia 200 

Acanthacco; 244. 208 

Acanthus 2()8 

Acer 300 

Accrineffi 240, 300 

Achillea 282 

Achimeiics 208 

Adilya 39 

Acoiiitnm 319 

Acorns 220 

Acrocarpous mosses 154 

Acrogynio . 151 

Acrostichefl} 102 

Actiea 319 

Adiantum 102 

Adonis 319 

Adoxa 284 

^cidium 139 

^gopodiura 280 

dSsculus 300 

^tlialinm • 127 

^^thnsa 280 

■ Agaricinas 143 

Agaricus 143 

Agatbosma 305 

Agave 239 

Agrimonia 293 

Agrostemma 310 

Agrostideae 220 

Apostis 220 

Aigeiros 253 

Ailanthus 305 

Aira 220 

Aizoacess 245. 288 

Ajuga. *. . 200 

Alcbemilla ........ 292 

Alder 251 

Aldrovanda 298 

AlglB Ill 

Alisma 229 

AlismacesB 218, 229 

Alismales 218, 229 

Allium 231 

Almond 292 

Alnns 251 


AlOO ...a.... 

PAOK 

. . 231 

Alopocurus 

. . 225 

Alpine Rose 

. . 276 

Alpinia 

. . 230 

Alsino 

. . 309 

Alsinem ... ... 

. . 309 

Alsophila. . . ... 

. . 103 

AlRtro>niena 

. . 230 

Althaea * • . 

. . 308 

Alyssum 

. . 315 

Amanita . 

. . 143 

Amarantacoic ..... 

244, 257 

Amarantus 

. . 257 

Amaryllidon) 

218, 239 

Amaryllis 

. . 239 

Amcntales 

244, 250 

Ammincai 

. . 280 

Amomales 

218, 235 

Amorpha 

. . 295 

Ampelidem 

246, 302 

Aropclopsis 

. . 302 

Amygdiilofo 

. . 292 

Amygdalus 

. . 292 

Anacardiacea; 

2 10, 300 

Auacrogynn; 

. . 151 

Anagallis 

. . 275 

Ananassa 

. . 235 

Anaptychia 

. . 135 

Aiidrema 

. . 152 

AndropogoncBB .... 

. . 225 

Anemone 

. . 317 

AnemonecD 

. . 817 

Anetburn 

. . 287 

Ancura 

. . 151 

Angelica 

. . 280 

Angelicco) 

. . 286 

Angiocarpnus Lichens . . 

. . 134 

Angiopteris 

. . 103 

Angiospermis . . . . • 

175, 184 

Angustiseptos 

. . 816 

Ann at to 

. . 316 

Antbemis 

. . 281 

Anthoccros 

. . 149 

Anthoccrotca} 

. . 149 

Antboxantbum .... 

. . 225 

Antbriscus 

. . 287 

Antliyllis 

. . 296 

Antiaris 

. . 248 
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Autirrhimim . • • 

.... 267 

Apera 

.... 226 

Apium 

.... 286 

Apocynea) .... 

. . 246,272 

Apple 

. . 205, 294' 

Apricot 

.... 292 

AquifoliacecB . . . 

• . . . 246 

Aqiiilogia .... 

.... 819 

Arabidoo) .... 

.... 314 

Aracbis 

.... 295 

Aralcs 

. . 218, 219 

Araliaceib .... 

. . 246, 287 

Araucaria .... 

.... 162 

AraiicariaccoD . . . 

.... 182 

Arbutus 

.... 276 

Arolinngelica . . . 

.... 286 

Arcbidiuiii .... 


Arctium 

.... 282 

Arctoatapbyloa . . 

.... 276 

Arcyria 

.... 126 

Ardisia 

• • . • 27o 

Area) 

.... 221 

Arenaria .... 

.... 30'J 

Aristolochia . . . 

.... 262 

Aristolocliieo) . . • 

. . 244, 262 

Armcria ..... 

.... 275 

Arnica 

.... 281 

Aroideie 

.... 220 

Arrow-grass . . . 

.... 229 

Arrow-head. . . . 

.... 230 

Arrow- root .... 

.... 236 

Artemisia .... 

.... 281 

Artichoke .... 

.... 282 

Artificial systems of 

classifico- 

tion 

.... 106 

Artocarpus . . • 

.... 248 

Arum 

.... 220 

Asarabacca .... 

.... 262 

Asarales 

. . 244,262 

Asarum 

.... 2b2 

Asclepiadco) . . . 

. . 245, 273 

Asclepiiis . ... 

.... 273 

Ascobolus .... 

.... 133 

Ascomycetes . . . 

.... 128 


.... 274 

Asporagincas . • • 

.... 233 

Asparagus .... 

.... 233 

Aspen ..... 

.... 253 

Aspergillus. . . . 

.... 130 

Asperifoliae .... 

. . 245, 271 

Asperula .... 

.... 283 

Aspidium .... 

.... 162 

Aspleniuih .... 

.... 162 

Aster. ..... 

.... 261 

Asterales .... 

. . 245, 278 

Asteroiden .... 

.... 280 

Astragalus .... 

.... 295 

Astrautia .... 

.... 286 

Atragene . 

.... 317 

Atropa . * . . 

.... 271 


Aucuba ...... 

... 287 

Avena 

... 226 

AvenacecB 

... 226 

Avetis 

... 293 

Azalea ...... 

. ... 276 

Bacillus 

... 124 

Bacterium 

. . .• 124 

Bffiomyces 

... 136 

Balanophora . . . • 

... 264 

Balanophoreie .... 

. 244, 264 

Ballota 

... 265 

Balm 

... 265 

Balsamineoo . . . . 

. 246, 304 

Balsamodeudron . . . 

... 306 

Bambusa 

... 223 

Banana 

... 235 

Baneberry 

, . . 319 

Barbarea 

... 314 

Barberry . ‘ . , . , 

... 321 

Barbula 

... 154 

Barley 

... 227 

Barosma 

... 305 

Bartsia 

... 269 

Basidiomycetes . . . 

... 140 

Basil 

... 265 

Bastard Toad-flax . . 

. . . 263 

Batatas 

... 269 

Batnichospermum * . 

... 120 

Bean 

... 5595 

Bearberry 

. . . 276 

Bedstraw »...'. 

... 283 

Beech 

... 261 

Beet 

... 257 

Begonia 

... 289 

Begoniaceo) .... 

. 245, 288 

Beilis 

... 281 

Bent-grass 

... 226 

Berberidacese .... 

. 246, 321*. 

Borberis 

... 321 

Bergenia 

... 297 

Bertholletia .... 

... 291 

Beta 

... 257 

Betula 

... 251 

Betulace£e 

. 244, 251 

Bidens 

... 262 

Bignonioce® .... 

. 244, 268 

Bilberry 

... 277 

Bindweed 

... 269 

Biota 

... 183 

Birch 

• ? . 251 

Bird-cherry . . . . 

... 292 

Bird’s-foot Trefoil . • 

... 225 

Bird’s-nest 

... 276 

Bitter-sweet . . .•. 

... 271 

Bixa 

... 316 

Bixaces ...... 

. 246, 316 

Blackberry 

... 293 

Black Bryony .... 

... 234 

Blackthorn . • • • • 

• . . 292 

Blasia 

... 151 
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Blechnum 1G2 

Blinfis 310 

Blitum 257 

Blue-bottle 282 

Bog-mosscs 151 

Bog«myrtle 252 

Bog-rush 227 

Bolimeria 218 

Boletus 113 

Boragineie 215»/271 

Boraginoidese 272 

Borago 272 

Boriifio Camphor ...... 309 

Boswcllia 30G 

Bfitrychium 1G4 

Botrydiaceie IIG 

Botrydiumr IIG 

Box 254 

Brachypodinm 227 

Brachythecium 155 

Brassica 31*4 

BrassicGOB . . . 311 

Bread-fruit 2 18 

Briza 22G 

Bromeliaccas 235 

Bromus 22G 

Broom 294 

Brown Bape 2G9 

BrouBSoneiia 248 

Bryinie 153 

Bryonia 289 

Biickbean 272 

Buckthorn 301 

Buck-wheat 259 

Buellia 136 

Bugle 2GG 

• Bugloss 272 

' Bulgaria 133 

Bullace 292 

Bulrush 222, 227 

Bupleurum 286 

Burdock 282 

Bur-reed 222 

Burseraceie 246, 306 

Butcher*s-broom 233 

Butomaces 218, 230 

Butomus 230 

Butter-bur • . 280 

Butter-cup 319 

Butter-wort 269 

Buxineas 254 

Buxus 254 

Cabbage. . 314 

CabombesB 320 

CactesB 245, 287 

Cffioma 140 

Cssalpinia 296 

CsBsalpinieaB 296 

Cakile 315 

CakilincB 815 


Calabar Bean 205 

Caltiningi'ostis 226 

Calamintha 2G5 

Calamus 223 

Calceolaria 267 

Calicieie 136 

Calla 221 

Callistomon 290 

CallistopliUH 281 

Callitluiinuiou 121 

Callitrieho 299 

Callitricliiucaa 2*45, 299 

Calluna 276 

Calosphicria 131 

Calothumiiiis 290 

Caltha 319 

Calycanthaoco) .... 21G, 320 

Calycanthiis 320 

Calyciflorte 245, 284 

Calyptospora 140 

Calystegia 269 

Camcliiia 315 

CamelinorD 315 

Camellia 308 

Campanula 277 

Campaniilaceu) .... 245, 277 

Campanalcs 245, 277 

Campion 310 

Campvlospermeu) 287 

Candy-tuft 315 

Camia 236 

Caunabineo) 244, 248 

Cannabis 248 

CauuaceiD 218, 236 

Cantbarellus 143 

Capers 316 

Capparideas 216, 315 

Cupparis 316 

Caprifoliacou) 2*45, 283 

Capsella 315 

Capsicum 271 

Caragaua 295 

Cordamino 814 

Carduus 282 

Carex 228 

Garica 288 

CaricccD 228 

Carlina 282 

Carline Thistle 282 

Carludovica 222 

Carnation 809 

Carpinus 260 

CarposporetD Ill 

Carrageen moss 121 

Carrot 267 

CarthamuB 282 

Carum ••••••••• 286 

Carya 259 

CaryophyllaceiB • . • • 246, 309 

Caryophyllinsa . • • • 246, 809 
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Caryopliyllas • • . 

noi 

.... 290 

Gassytha .... 

. . • • 2o6 

Castanca . . • . 

. . • • 262 

Oastor-oil plant . . 

. . ... 254, 

Oasuarinete .... 

. . 244,252 

Gatalpa 

.... 268 

Gatchfiy 

.... 309 

Gat-mint .... 

. . . . 265 

Gat's-iail'grass . . 

.... 225 

Gaucaliiiese .... 

. . • • 287 

Gaucalis 

. . • • 287 

Gaulerpa .... 

.... 118 

Cedar 

.... 181 

Cedrela 

.... 805 

Gedrus 

.... 181 

Celandine .... 

.... 311 

„ lessor . . 

.... 319 

Gelastralcs .... 

. . 246, 301 

Gelashinem. . . . 

. . 246, 301 

Celery 

.... 287 

Gelosia ..... 

.... 257 

Geltis 

.... 250 

Gembra 

.... 182 

Centaurea .... 

.... 282 

Centaury .... 

.... 272 

Centrantlius . . . 

.... 279 

Ceutrolepideo) . . • 

.... 229 

Gephaelis .... 

.... 283 

Gephalanthcra . • 

.... 238 

Ceramium .... 

.... 121 

Gerastium .... 

.... 309 

Ceratodon .... 

.... 154 

Ceratophylleac . . . 

. . 244, 250 

Ceratophyllum . . 

.... 250 

Cercis 

.... 296 

Cereus 

.... 288 

Cetraria 

. ... 135 

Chasrophyllum . . 

.... 287 

Ghamaocypnns . . 

.... 183 

Gliamaodorea . « . 

.... 222 

Ghamoorops. .. . . 

.... 223 

Chamomile .... 

.... 281 

Ghara 

.... 120 

Gharaceie .... 

. . 113,120 

Charlock .... 

.... 315 

Cheirantlius . . . 

.... 314 

Ghelidonium . . . 

.... 311 

Chenopodiaceso '. . 

. . 244, 257 

Chenopodiales . . • 

. . 244, 257 

Chenopodium . . . 

. . .257 

Ghcrry . . . . . 

.... 292 

Cherry-laurel • . • 

.... 292 

Chestnut .... 

..... 262 

Chicory . • • . • 

• • a . 282 

Chives 

.... 231 

ChlorideiB .... 

... a a 225 

Chondrus .... 

.... 121 

Christmas Bose • • 

a a a a 319 

Chrooooccua . . . 

.... 118 

Ohioolepus . \ 

. . 116, 136 
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Chrysanthemum . • • 

. . . 281 

Chrysomyxa . . . • 

. . f 140 

Ghx3’sosplenium • . a 

... 297 

ChytridiacGiB ... a 

a 123, 126 

Gibotium ... a a 

a . . 163 

CichoriacesB . a a • 

a a a. 282 

Gichorium 

a a . 282 

Gicuta 

a a a 286 

Cinchona . . . . * • 

... 283 

Cinnaraomum .... 

. . . 256 

Gircs&a 

... 290 

Girsium 

... 282 

Gistinco) 

. 216, 316 

Gistus 

... 316 

Gitrullus 

... 289 

Citrus 

... 305 

Gladonia 

i . . 135 

GJadophora 

a . . 115 

Cladrastis 

. . . 296 

Glassification of Plants . 

... 106 


of Thallophyfces . 110 
of Mosses . • . 144 
of Vascular Cryp- 
togams. • 7 165 

. of Phanerogams 107, 175 
of Gymnosperms . 177 
of Angiosperms 107, 176 
of Monocotyledons 218 
of Dicotyledons . 244 


Glavaria 

• • • a 

142 

Glavaricas • . . . ‘ 

• • • • 

142 

Glaviceps .... 

a a a . 

131 

ClematideaD .... 

a a a . 

317 

Clematis .... 

.... 

317 

Glinop odium . . . 

• • • • 

265 

Glisaiitlicio .... 

• • a • 

225 

Closterium .... 

m 9 9 • 

114» 

Clover 

• a • • 

295- 

Club-rush .... 

• • • • 

227 

Glusiaccsc .... 

. . 246, 

309 

Coca ...... 

• • • • 

303 

Gochlearia .... 

9 9 9 9 

815 

Cock’s-foot-grass . . 

9 9 9 9 

226 

Cock's- comb . . . 

9 9 9 9 

257 

Cocoa-nut .... 

9 9 9 9 

223 

Cocos 

9 9 9 9 

223 

CoelospermesQ . . . 

9 9 9 9 

287 

Goffea ..... 

9 9 9 9 

283 

Coffeacca) .... 

• • 1 • 

9 9 9 9 

283 

Cohort 

108 

Colchiceas .... 

9 9 9 9 

232 

Colchicum .... 

9 9 9 9 

232 

Coleochaeteo) . . • 

. a 113, 

119 

Coleosporium . . . 

a a • a 

140 

Coleus. . . . • • 

a . a . 

265 

Gollema 

.... 

137 

Colooasia .... 

.... 

221 

Colt's-foot .... 

. . . • 

280 

Columbine • • , • 

. a a « 

819 

Columnea .... 

a a a . 

868 
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Oolutia 

... 295 

Commelyna . ■ • • 

. . . 230 

Gommclynaceo) • . • 

. 218, 230 

CommolyualcB . • • • 

. 218, 230 

Compositaa . . . • • 

. 215, 279 

ConfCrvero 

... 115 

ConifertB 

. 177, 179 

Conjugatffl 

. 112, lU 

Goniuui 

. . . 287 

Convallaria ..... 

. . . 233 

Convolvulacea) . , . 

. 215, 209 

Convolvulus .... 

. . . 209 

Coprinus 

. . . 143 

Corail ina 

. . . 121 

Corallorhiza .... 

. . . 238 

Corchorus 

. . . 307 

Cordyceps * 

... 132 

Coriaudruiu .... 

. . . 287 

Cormophytes .... 

. . . 108 

Coruaccu3 

. . . 287 

Corn-cockle 

... 310 

Cornel 

. . . 287 

Cornus 

. . . 287 

Coronilla 

. . • 295 

Corrigiola 

... 310 

Corticium 

. . . 112 

Corydalifl 

... 312 

Corylaeea 

. 214, 260 

Corylua 

... 260 

Cosmarium 

... 114 

Cotoneaster 

. . . 293 

Cotton 

... 308 

Cotton-grass .... 

... 227 

Cowslip 

... 275 

Crambo' 

... 315 

Cranberry 
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